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Description 

PKNM] The present invention lelates to enaloge of insulin modified at amino ackt position 29 of the native human 
insuiki B chain and optlonaity at other positions. Said insuiin analogs are less prone to dimsrization r seif-assodation 
s to higher mdecuiar weight fonns thereby possessing a comparatively more rapid onset of activity while retaining the 
biological activity of native human insuiin. 

VHMH The present invention provides Insuiin anaiogs of the fbrmuta 
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wtterein A21 is alanine, asparaginOp aspartic add, glutamine, giutamic acid, glydne, ttvsonlne, or serine; B1 is phe- 
nyiaianlne, aspartic add, oris at»ent;B2b valine or may Km absent wtten B1 Is at»ent; B3 Is asparagine or aspartic 
add; B9 is serine or aortic add; B10 Is histidine or aspartic add; B28 Is any amino add, B29 is L-prdinep D-proiine, 
D-hydroxyprdine or L4iydroxyprollne; BSC is alanine, threonine or Is atssent; Z is -OH, -NHj, -OCH3, or -OCHjCHj; X 
is Arg. Arg-Arg, Lys* Lye-Lye, Aig-Lysi Lys-Arg, or fs etisent; end Y may ba present only when X is present and, if 
present, is Glu or an amino add sequence which comprises all or a portion of the sequence -Glu^-GlunAsp-t-eu- 
CSn->^-Gly<3in-\^-Glu4.eu-Oty-Gly-Giy-PrT><3V-Ala-Oly-S^ 
Arg- and which begins at the N4erniinus Glu of such sequence; 

provided that when A21 is asparsgine, B1 is phenylalanine, B2 is valine^ B3 is asparagine, B9 Is serine, B10 Is 
histidine. B27 is threonine, B2B is iyalne, B29 Is L-prolIne, B30 is threonine, X is absent and Y Is absent, then Z Is 
-NHj, -OCHgor-OCHaCHa; 
or a pharmaceuticaOy acceptable salt thereof. 



[00031 The insulin analogs of formula I are usefUl In treating hypeiglycemia by administering to a patient in need 
as thereof an ^Tective amount of the analog. Fiffther, phamraceuticai compositions containing an effective amount of an 
Insulin analog of formula I In oomblnatlon wHh one or more pharmeoeuticaily acceptable exdplentB are dtodosed and 
dahned. 

[0004] The figures provided herein are not drawn exactiy to scale. 
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JfiQOS] Figure 1 - A rBstriqtion site and function map of plasmid pKC283. 

[0006] Figure 2 > A restriction site and function map of plasmid pKC283PX. 

[0007] Rgure 3 - A restriction site and function map of plasmid pKC283-L. 

praoq Rgure 4 - A restriction site and function map of plasmid pKC283-LB. 

[OOOq Rgure 5 - A restriction site and function map of plasmid pKC2834'RS. 

[001 m Rgure 6 - A restriction site and function map of plasmid pL32. 

[001 1] Rgure 7 - A restriction site and function map of plasmid pNM789. 

[0012] Rgure 6 - A schematic outline of the constnjctlon of plasmid 1 20. 

[0013] Rgure 9 - A restriction site and ftinction map of plasmid pL47. 

[0014] Rgure 10 - A restriction site and function map of piasmid pPR12. 

[0015] Rgure 11 - A restriction site and function map of plasmid pPR12AR1. 

[0016] Rgure 12 - A restriction site and function map of plasmid pL110. 

[0017] Rgure 13 - A schematic outline of the constmctlon of piasmid pLIIOC. 

[OOiq Rgure 14 - A restriction site and fiction map of plasmid pCZR126S. 

[001 q Rgure 15 • The nudeotide sequence of the synthetic human proinsuin gene. 

[002(g Rgure 16 - A restriction site and function map of plasmid pRB145. 

[0021] Rgure 17 - A restriction site and fiMicUon map of plasmid pRB164A. 

[0022] Rgure 18 - A restriction site and flMiction map of ptasmid pf^172. 

[0023] Rgure 19 - A restriction site and function map of plasmid pRB173. 

[002q Rgure 20 -A restriction site and function map of piasmid pRB175. 

HmSi Fdrmula I Is a short-hand representation of the amino add sequence of the Insuin analogs of the present 
invention. The amino add abtKevlatlons have the fblowing oonventlonai meanings: 
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Abbreviation 


Ammo Add 


Aba 


opAminobutyricadd 


Ala 


Alanine 


AfQ 


Arginine 


Asn 


Asparagine 


Asp 


Aspartlcacid 


Cya 


Cyeteicadd 


Cya 


Cysteine 


Gm 


Giutamine 


Glu 


Giutamteadd 


GV 


Glydne 


His 


Histklne 


lie 


Isoleudne 


Leu 


Leudne 


Lya 


Lysine 


Met 


M^iomne 


NIe 


Norleudne 


NVB 


Norvaiine 


Om 


Ornithine 


Phe 


Phenylalanine 


Pro 


Proline 


Ser 


Serine 


Thr 


Threonine 


Trp 


Tryptophan 


lyr 


Tyrosine 


Vol 


Valine 



[OOtt] B28 may be any natural or non-naturally occurring amino add. Pr^ierabty. said amino add Is aspariic add, 
veim , leudne, isoleudne! norieudne, proline, arginine, histidine, dtndlne, omithme, lysine, phenylalanine, alanine or 
glydne. Of the above amino acids, a partlcularfy preferred sii)group thereof is aspartic acid, valine, leudne, Isoleudne, 
norleudne, proflne, aiglnlne, histldlne, ornithine or lysine. Lysine Is the most partlctJarly preferred amino add at B26. 
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829 to L-proQne, D-prt)line, D-hydroxyproflne or L-hydroxyprQiine. A partioutariy prefenBd insulin analog of the present 
inventk)n is one wherein B28 is lysine and B29 is proline, i.e., an inversion of the native human insulin amino acid 
sequence at positions 28 and 29 of the B-chain. 

[0027] FtMier modifications of th insulin analogs of the present invention are also contempiatBd hereunder, le., 

9 modifications to the insulin analogs at positions other than at positions B28 and B29. Spedficaliy; it may be deslrat>le 
to optionally sutwtitute the Asn residue from position 21 of the A chain (i.e., the cartKxxy temiinus) with Ala, Asp, Gin, 
Giu, Gly, Thr or Ser, and, if so sutwtituted, preferably with Ala. Similarly, it may be desirable to substitute the Asn 
residue at position 3 of the B-chaIn with aspartic add (Asp). Such optional substitutions have the effect of Increasing 
the stability of the analogs at pH extremes since Asn Is particularly sensitive to deamidation and reanwgement reac^ 

10 tions at both low and high pH. The skilled artisan will also readily appreciate that the glutamine residues of the insulin 
analogs may similarly be sensitive to deamidation and rearrangement Accordingly, the sut»titution ther^ by glutamic 
add is also within the scope of the present invention. Addtional, optional modmcations to the insulin analogs of the 
present Invention Indude (In any combination) replacement of the histidine retidue at position BIO wtth the amino add 
aspartic add; replacement of the phenylalanine residue at position B1 with aspartic add; replacement of the threonine 

15 residue at position B30 with alanine; replacement of the serine residue at position B9 with aspartic add; deletion of 
amino adds at position B1 (des-B1) alone or in combination with a deletion at position B2 (de8^2); and deletion of 
threonine f^ position B-30 (de9-B30). 

[0028] The insulin analogs of this Inverrtion may also be modlfled at the B30 temninus by addition of any of the 
following amino adds or (flpeptides: Arg, Arg-Aig, Lys, Lys-Lys, Ar^Lys, or Lys-Arg. These, when present, are desig- 
20 nated in Formula 1 by the groupX Preferably, when such an extend is pr^ent, It is Arg-Arg. 

01029] In addition, should the foregoing extension at B30 be present, the analog may be further modified by addition 
at the resulting B3(Henglhened terminus of glutamic add (Glu) or of an amino add sequence comprising al or a portion 
of the sequence -Gli>Ala-Qlu-Asp^.eu-Qln-Val-Qly-Gln-Va^^ 

Leu-Ala-Leu-Glu-Giy-Ser-Leu-GlrvLys-Arg-, which sequence begins at its N-terminus Gbj. This amino add or se- 
25 quence, when present, is designated in Fdrmula 1 by the group Y. When the sequence represents only a portion of the 
forsgolng, It wli be any of those portlona which begin at the rHenmlnus cfihe sequence, i at the glutamic add (Glu) 
residue. 

[0030] In the 1imgoing,X or the combination of X and Y represents all or a portion of the connecting pe^ 
in human prdnsulln, a molecule which is the bloioglcai precursor In the formation of native human insulin. 
30 [0031] Preferred sequences for Y are: 

- GiuVVia-Glu-A3p-Leu^ln-Val-Gly-Gln-Vial-Glu^.eu-GIy^ 
Giu-Gly-^-Leu-Gln-Lys-Arg-; 

. GluVKta-Glu-Asp-Leu-Gin-Val-Gly-Cln-VU-Glu-Leu-Gly-G^ 
30 Glu-Gly-Ser-I.eu-Glr>-Lys-; 

Glu-Ala-Gii>Asp^.eu-Gin-Val-Gly-Gin->M-Glu4.eu-Gly-<^ 
GkJ-Gly-Ser-LeihQIn-; 

- Glu-Ala-GiunAsp-Leu43kv->W<3ly^irv\M-Glu-Uu-Gty^ 
Glu-; 

40 - Glu-Ala-Gii>A8p^.eu-Gln-VU-Gly-Gin->M<3lu^^u-QV-Gly^ and 

- Glu-Ala-Glu^\8p-Leu^ln-Vai-Gly-Gln->M-<3lu-. 

[0032] In ed(ftion, whether X alorw or X and Y together are present or absent, the terminus group Z may be any of 
the foiiowing: -OH. -NH,, -OCH3. or -OGHsCHg. Piefiarably, Z Is OH. 
4S [0033] Aa mentioned herdnabove, the invention indudea phamnaceuticaBy acc^itable salts of the Insulin analogs. 
Preferred such salts are those of zinc, sodium, potassium, magnesium, or caldum. 

[0034] The Insulin analo£^ of this invention can be prepared by any of a variety of recognized peptide synthesis 
techniques indudng classical (solution) methods, solid-phase methods^ semisynthetic methods and the more recently 
available nscomblnant DMA methods. 
90 piosq In the solid-phase technique, the amino add sequence Is constructed sequentially fhm an initial, Insoluble, 
resin-supported Otermlnai amino add. Techniques fbrihe solid phase method are descrl)ed by J. Stewiart^ al., Solid- 
Phase Peptide Synthesis, Freeman and Co., San Francisco, 1969. 

[003Q In general, in the sdid-phase method, the amino add corresponding to the G-terminai amino add residue of 
the desired peptide is anchored to an Insoluble resin support, and the peptide chain then Is formed beginning at the 
as resin-eupported C-termlnal amino add. Individual amino adda are Introduced sequentially until the desired amino add 
sequence is obtained. AHemathrely, small peptide fragments can be prepared and introduced into the peptide chain in 
the desired order. The peptide chain remains attached to the resin throughout synthesis, and, upon completion of the 
chain, th peptide is deaved Itom the resin. 
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Vmri The peptide chain is attached to the polyetyrene leein by means of an ester linkage formed between tN 
carboxyl gioup of the Oterminal moiety and a specific methylene group present on the resin matrix as a site for such 
attachment. 

[0038] The amino acids are coupled icJng techniques well known in Itie art for the formation of peptkle bonds. One 
s m thod involves converting th amino add to a dertvative that will render the carboxyl ^oup more susceptibi to 
reactkxi with the free N-terminai amino group of the peptkie fragment. For example, the amino ackJ can be converted 
lo a mbeed anhydride by reaction of a ptotected amino add with ethyl chlorofbnnate, phenyl chloroformate, seo-butyl 
chlorolbnnate, or Isobutyt chtoro fo rmatB. Alternatively, the amino ackl can be converted to an active ester such as a 
2p4,5-trichlorophenyt ester, a pentachiorophenyl ester* a Q-nitrophenyl ester, a N-hydroKysucdnimlde ester, or an ester 
10 Ibrmed from l-hydroxyt)enzo1rlazole. 

[0038] Another coupling method Involves use of a suHabie coupDng agent, such as N,N'-dicydohexylcarbodimkie 
(DCC) or N,IM'-dii8opropylcarbodilmkie (DIC). Other appropriate couping agents will be apparent to those skilled in the 
art See Schroder and Lubke, TT^e Peotfdes. Academic Press, 1965, Chapter lii which Is incorporated herein liy refsr- 
ence. 

ts [0040] It should be recognized that the a-«mlno group of each amino add emptoyed in the peptkie synthesis must 
be protected during the coupling reaction to prevent Me reactkxis involving the reactive a-emino function. It should 
also be recognized that certain amino adds contain reactive skle^hain Hincttonal groups (e.g suHhydryi, e-amino, ^ 
and fcartxxxyl, Imklazole, guanldo and hydroxyl), and that such ftjnctlonai ^oupa must also be proteded both during 
the inttiai and subsequent coupflng steps. Suitable protecting groups are known in the art. See Ibr example, PrptecBve 

20 Groups In Orggiic Chemistry . M. McOn^e. EdHor. Renum Press, N.Y., 1973 and U.S. Patent 4,617,148 whteh Is In- 
corporated herein by rsference. 

[0041] I n selecting a pertkxilar protecting group, certain conditions must be observed. An cMmino protecting group 
(1) must render the o-amino fijnctlon kiert under the conditions employed In the coupOng reaction, (2) must be readily 
rsmovable after the coupling reaction under oondittons Ihet will not remove side chain protecting groups and will not 

25 alter the structure of the peptkJe fragment, and (3) must ellmlnale the possibility of raoemizBlk}n upon acttvatksn Im- 
mediately prior to coupling. A side chain protectkig group (1) must render the side chain fOnctkxial group inert under 
the conditions employed in the coupling reactton, (2) must be stable under the conditions employed In removing the 
(Mmino protecting group, and (3) must be readily rBmovabie upon compl^ion of the desired amino add sequence 
under reaction oondlHons that wll not alter the staicture of the peptide chain . 

30 [9042] It win be apparent to those sUiled In the art that the piotac^ groups 1^^ 

will vary in reactivity to the agents employed for their removal. For example, certain protecting groups, such as triphenyl 
methyl and 2-(24lphenylyQi8oprDpyk3xycarbony1 are very labile and can be cleaved under mlW add condlflons. Other 
protecting groups, such as M)utyk»cycaibonyl, t-OTiyloxycait)onyl, adamantyloxycartxmyi, and g-m^hcocybenzytoxy^ 
cartmyl. are less tablie and require moderately strong adds, such as trffluoroaoetic hydrochloric, or boron trffluorlde 

3S in acetic add, for their removal. Stil other protecting groups, such as benzyloxycarbonyl, hatobenzyloiqfcartxxiyi, g- 
nitrobenzyloxycarbonyl, cydoalkylcncycarbonyl, and isopropylCKycarbonyl, ars even less labile and requipe stronger 
adds, such as hydrogen fluoride, hydrogen bromkSe, or boron tflfluoro a c eta te In trifluoroac^ add, Ibr their removal. 
[004^ Upon completion of the desired peptide sequence, the protected peptide must be cleaved from the resin 
support, and all protecting ^oups must be removed. The deavage reactton and rerrv)val of the protecting groups may 

40 be accomplished simultaneously or stepwise. When the resin support Is a c htof om rth ytated polystyrene resin, the bond 
anchoring the peptkte to the resin Is an ester linkage Ibrmed between the fhsecaibo)^ group of the C-termlnal moiety 
and one of the many chtoromethyl groups present on the rssin matrix, it will be recognlzad that the anchoring bend 
can be deaved by reagents which are known to be capabte of breaking an ester linkage and of penetrating the resin 
matrix. One espedaOy convenient method Is by treatment with Ik^ukl anhydrous hydrogen fluoride. This reegent not 

49 only will cleave the peptide from the resin but wifl also remove all protecting groups. Hence, use of this reagent will 
directly afford the fURy deproCected peptkJe. When it Is desired to deave the peptide without removing protecting groups, 
the protected peptMeHwin can undergo methandysls to give the pro^^ 

group is methylated. TTie m^hyl ester can then be hyMyzed under miki, alkaline oonditkyis to give the free C-termlnal 
carboxyl. The protecting groups on the peptide chain then can be removed by treatment with a strong add, such as 

so iiqukl hydrogen ftuoride. A partlcuiarty useftil technique for methanolysis is that of G. Moore et PepHdes. Proc. 6th 
Amer. Pept. Synv>.. M. Goodman and J. IMenhofer, Eds., John Wiley. N.Y., 1977, pp. 51 8-521 , In whkii the protected 
peptlde-resin Is treated with methanol and potassium cyanide in the presence of crown ^her. 
[0044] Another method for deaving the protected peptide from the resin is by emmonolysis or by treatment with 
hydrazine, if desired, the resuitfrig C4emilnal amide or hydrazlde can be hydrdyzed to the fhee C-tenrtnal carboxyl, 

85 and the protecting groups can be removed conventk)naliy 

[004Q It wHI also be recognized thet the protecting group present on the N-terminal a-emlrx) group may be removed 
preferentlaly either before or simultaneous with the deavage of the protected peptkle from the resin support 
I904q TheAandBchainsofthelnsuilnanatogsofthepresentlnventloncanalsobepreparedvlar^^ 
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rnethodologyJn their preparBtton, a nudeotU 

using now-routine techniques for such synthesis. These methods generaDy Involve preparation of oiigonudeotides 
coding both for fragments of the desired coding sequence and for the complementary sequence theraof . The olgonu- 
deoddes are designed to provide overlap of one fragment of the coding sequence wtth tM fragments of th comple- 
5 mentary sequence and yj^ versa. The oligoniideoOdea are paired and joined, ulUmateiy producing the desired gene 
sequence. 

[0047] The sequence is inserted into a cloning vector at a location which permits the peptide product for which it 

codes to be expressed. A suitable cloning vector contains at least a portion of a gene's expression control sequence. 

[0048] The A and B chains of the insulin analogs of the present Invention may also be prepared via a proinsuiln-llke 
10 precursor molecuie using recombinant DNA techniques. See Franic et a[.» Peptides: Synthesls-^tructure-Function. 

Proa Seventh Am. Pept Symp., Eds. D. 1^ and E. Gross (1961) which is incorporated herein by reference. 

[0049] The step of comblnkig the indlvidiai A and B chains, however produoed, may be achieved by the method of 

Chance et al.. PeptidesiSynthesIa, Stnicture and FuncBon:Pnoc. of Seventh American Peptide Symposium (1981) 

which is incorporated herein by reference. 
15 [0050] The foiiowing examples are provided as a means of iHustrattng the present invention and are not to be oorv 

strued as a limitation thereon. 

Exampiel 
2D Lys(B28), Pro(B29) Human InsiJn 

A. Preparation of Reoomblnant-Derlved A Chain 

[0051] Human insiiin A-chain was prepered vte recombinant DNA technology from the chemical synthe^ of the 
25 oene encoding the A-chain and the expression thereof in E. coii. Briefly, the gene for the A-chain was synthesized from 
various trinucleotides into synth^ fragments, deca-to pentadecanudeotides In length, by a biodc phosphotrlester 
method. The gene had single-etranded cohesive termini for the Eco Rt and Bam Hi rsatrfctlon endonudeaaes. insertion 
thereof into an appropriate expression vector containing the p-galactosidase gene (p-gal) rendered a chimeric plasmid 
having the A-chain linlced to the \i-ga\ gene via a methionine codon. Preferably, the tryptophan synthetase gene (trp 
30 LF) is loed as a promoter rather than the P-gal gene to achieve higher levels of expression. The chimeric plasmid 
was transformed into E. oo» resulting in the expression of a precursor protein, l.e., p^al-met-Achain (or trp Le-met- 
A-chaIn when the trp LE* promoter system Is u«Bd). Treatment of ttie precursor protein wtth cyanogen bromide deaved 
the methionine bond to render, after puriflGation, the human insulin A-chain. Oxidative sulfitolysis rendered the S- 
sulfbnated Archain which was utilzed for combination wtth the B-chaIn (S-suHbnate) as described. Infra- 
^ [0052] For complete details on the chemlcai synthesis of the genes for the human insulin A-chain see Crea etal. . 
Proc Natl. Acad. Sd. USA. 75, 5765-6769, 1978 arxl references dted therein which are incorporated herein by refer- 
ence. For complete d^ia of the expression In E. ogtiof the chemicaily synthesized gene for the human Insulin Ar 
chain see Goeddel ^ ai.. Proa i^. Acad. Sd. USA, 76, 101-110, 1 879 and rsferenoea cited therein wtMi era inooi^ 
poreted herefci by referenceu 

40 

B. Preparation of B Chain Analog [Lys(B2B), Pro(B29)] 

[0053] An Applied Biosystems 430A peptide synthesizer (including software revision 1.4) was used to prepare a 
crude peptidyl resin. 0.5 miilmoies (mMol) of the starting solid phase resin (t-60C-Thr(Bzl)0CH2 Pam resin) was used 

49 (.76 mMol^ X .656 g). Ail amino adda used were BOC protected and, exoeptfor glutamic add and Mstkine, al were 
used dlrectiy as received (i-e., In cariridges ftom Applied Biosysteno, Inc., each cartridge contained approximately 2 
mmoi of protected amino add). Giutamic add and histidine wre obtained from Peptides intematlonai Corporation 9id 
transferred to cartridges such that each cartridge contained approximately 2 mmd of the desired protected amino add. 
After drying of the crude peptidyl resin (under vacuum at room temperature overnight) its weight was determined and 

so compaied to the starting weight to asaure reasonable weight gain. A small portion of sample was submitted Ibr amino 
add analysis to ensure that the desired amino adds were added in the correct amounts. 

[0054] The peptide was deaved from the pepUdyt resin and side-chain deproteded by stirring for approximately 1 
hour at O^C kri a solution of 1 0 parts (vM) HF (containing 5% v/v ethyl mercaplan and 5% v/v m-cresd) to 1 part 
resin. After removal of rnost of the IHF by vacuum the peptide was predpltated In ettiyl ether. Afier several rinses w^ 
B5 ethyi ether Ibilowed by vacuum filtration, the peptide was dissolved in approximately 200 ml of 7M deionized urea 
containing 0.1M TRIS, 0.1M UbJSO^ and 0.01M Na2S40g. The solution was adjusted to pH 8^ with 5N NaOH and 
allowed to stir vigorously overnight at 4"C. 

piosq The resulting S-suifonated peptide solution was loaded onto a 6 x216 on cdumn of Sephadex (Rne) 
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at room temperaturQ. Ihe sample was eluted at 20 ml/min at room temperature using 50 mM ammonium bicartxxiate. 
The effluent was monitored at 276 nm. 20 mi fractions were coleded and a pool of 1h desired fractions was made 
and further purified by high peribmianoe liquid chromatography (HPLC) as follows. 

(OOaq The pod of the desJred fractions was pumped onto a 2.5 x 30 cm DuPont C8, 9-1 2m. HPLC column and eluted 
s using a linear gradient of increasing acetonitrile in 100 mM ammonium l>icart>onate at room temperature (2.6 ml/hrtin). 
The effluent was monitored at 280 nm. 25 ml fractions were collected. Analyticai HPLC analyses were conducted on 
selected fractions to determine whk^ fractions to retain. The desM fractions wnra pooled and lyophilzed and used 
In the following combination wtth the A chain prepared as descrft)ed atx>ve. 

10 C. Preparation of Lys(B28), Pro(B29} Human Insulin 

[0057] The combination of tfie Aand B chain was accomplished bf the procedure of Chance et §[., supra. 700 mg 
of the recont>inant DNA-dertved Achain S-suifbnate and 140 mg of the synthetic Lys(B28), Pro(B29) B-chain S-eul- 
fonate (both obtained as described above) were each dissolved in 70 ml and 14 ml, respectivety, of 0.1 1^4 glycine buffer 
15 at ambient temperalura, each adjusted to pH 1 0.5 with 5N NaOH and then cooled to STC. 6 ml of a dithiothreltoi (DTT) 
solution at 10.5 mg^mi was prepared In 0.1 M glycine buffer at ambient temperature, adjusted to pH 10.5 with 5N NaOH 
and then cooled to 5*C. 

[0056] The A- and &«hain solutions were combined, then 521 mi of the DTT solution was quickly added (SH/SSO' 
= 0.90). The reaction solution was stirred at S^'C In an open 200 ml ^ass centrlfijge bottle fbr 2.6 hours at S^C. 46 ml 

20 of gladal acetic add was added and the solution was aliomd to stand at 5*0 overnight 

[0059] The resultant precipitated mbcture was centrifuged for 20 minutes at 2000 rpm at 5**C. The supernatant was 
combined with a 1 1M acetic add wash of the pellet and placed on a 5 X 200 cm SephB^^ 
mdar acetic add at 5^C and eluted by gravity. TWenty-minute fractions were collecled for three days. The flracdons 
were examined at 276 nm and some by analyticai HPLC. The fractions containing the Lys(B26), Pro(B29) sec^ence 

2S of the insulin analog were pooled and tyx)philized giving a 125 mg sample. This sample was further purified by reverse- 
phase HPLC (using a 2.1 2 x 25 cm DuPont C8 column eluted at room temperature, at 2.6 nUAnin, using a Ikiear gradient 
of Increasing acetonitrile In 0.1 M NaH2P04, pH 2.2). Ihs effluent was monAored at 276 nm. Selected f^cdona were 
assayed by analytical HPLC. TTie desirsd IMions ware pooled and fiirther purified using pH 7 HPLC asfdiows. 
[006q The pod from the low pH HPLC preparation run was diluted approodmataly 2 times in an ioe bath with 0.1M 

30 {UH^HPO^. The pH was adjusted to 7 with odd 2N NaOH In an ice bath. TTie sample was loaded onto and duted 
from the rame HPLC column using the same conditions aa the low pH preparation njn except the duttng buffer was 
0.1 M, pH 7 (NH4)2HP04/^onttnia 

PIOSI] The pod from the pH 7 HPLC preparative run was chlied In an ioe bath and diluted two times wHh 0.1% 
aqueous trffluoroaoetic edd (TFA). 1 N HCi was added (cdd, sample in ioe bath) to iowar the pH Id 3. TTie sample was 
9$ loaded onto a vydac 04 or, aitemativeiy a DuPont C8 HPLC column (2.1 2 x 25 cm) and duted with a linear gradient 
of increasing acetonitrile in 0.1% aqueous TFA. The effhjent was monitored at 214 nm or 276 nra The desired fractions 
were pooled and lyophllized giving a sample yield of 41 mg of the desired analog of greater than 97 percent purity by 
reverse-phase HPLC. 

40 Example 2 

Lys(B26), PrD(B29) Human InsuBn 

[0062] A second method for preparing Ly8(B26}, Pro(B29) human insUin employed enzymatic semisynthesls (re- 
4S verse proteolysis) to combine dee-octapeptlde insulin (Ai^ - ^ with a synthetic octapeptlde. TTie deaNOdapepttde 
Insullfi was obtained ftom a tiypCic digest of natural poric or human InsuDn as described by Bromer and Chance, 'Prep- 
aration and Charaderization of E3esK)ctapep1lde-lnsul]n. BlodHm. Biophys. Acta. 133:219-223 (1967) which Is Incor- 
porated herein by rderence. TTie synthetic octapeptlde, Gly^Phe-Phe-Tyr-Thr-Lye-PrD-Thr, wbs prepared tiy automatic 
sdid-phase synthesis in the manner described above. 
SD [0063] Des-octapeptlde insulin (435 mg.)and466 mg. of synthetic Gly-Phe-Phe-Typ-Thr-Lya-Pro-Thr were combined 
In 15 ml of a sdutlon containing 1 part dimethyl sulfoxide, 2 parts 1,4-butanedld and 1 part 0.25M trie acetate buffior 
pH 73. The peptides were completely dissoived by warming the sdutlon on a hot plata The sdution was then Incubated 
at 37^C and 90 mg of pork trypd n was added. The sduHon wes sti mad oocsdondly Ibr 90 minutes at 37*0. The reaction 
was stopped by combining the solution with 135 ml of 0.05N Ha. 
sa [0064] The titled frisuiln analog was purified by loading the adcfifled sdution containing the analog onto a 2.5 x 25 
cm C-8 Zbft>ax HPLC column and duting it with a linear gradient of Increadng aoetonitrile In 0.1 M sodium monobasic 
phosphate pH 22 buffisr. TTie effluent waa monHorad at 276 nm. The dedred fractions were poded. diluted two-fold 
with water and loaded onto a 1 x 26 cm 0-6 UHrasphere HPLC cdumn. The analog waa duted with a Ihiear gradient 
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ofbicrBaBingacetonitril 0.5% aqueous TFA. The effluent was monitored at 276 nm. The das^ 
again pooled and lyophflized to give 125 mg of the purified analog. The structure was verified tyy amino add anafysia 
(Tat^l I) and mass spectroscopy (MS). 
lyfS: 5809.2 (Theory: 5808.7). 

s [0065] Fast Atom Bombaidment-IMass Spectroscopy analyses provided herein wer determined using a VG-ZAB- 
25E double focusing mass spectrometer at a resolution of approximately 1500. The human Insulin analegs were dis- 
sotved In a mixture of glyoeroi and thiogtycerol containing oxalc add. Cesium Iodide was used to calibrate the Instru- 
ment which was scanned magnetically from mft 5300 to nV2 6500. insulting data are presented as average mass 1 . 

10 Example 3 

Aba(B28). PrD(B29) Human insuin 

[0066] Pork des-octapeptide Insulin (384 mg.) and synthetic octapeptide Gly-Phe-Phe-Tyr-Thr-Al)a-PrD-Thr (362 
10 mg.) were combined in 13 ml. of a solution containing one part dimethyl sulfoxide, two parts 1 ,4-butanedk)l, and one 
part 0.25M tris pH 7.3 buffer at 3r*C. Poric trypsin (75 mg.) wss added. The solution was mbced well and stirred ooca- 
sionaily for 120 min. at 37^C. 

[0067] The reaction was stopped at this tim by adding the rnlxture to 137 ml. cf0.omHa^ 

pumped onto a 21 x 260 rnn C-8Zort)ax columnp and the products were eiuted in a shallow acetonllrlle gradient in 0.1 

20 M sodium monobasic phosphate, pH 2 buffor. 

[0068] The appropriate frsctlons, as determined by analytical HPLC, were pooled, diuted two-fold with water, and 
pumped onto a 25 x 300 mm C-16 vydac column. The desalted protein was eiuted from the column with an aoetonitrile 
gradient In 0.5% trifluoroaoetic add. Ihe fmcXians containing the purified insulin analog were pooled and tyophillzed 
to yield 59 mg. The str\ictm was verified by amino add analysis (Ibble i) and mass spectroscopy (MS). 

20 MS: 5765.7 (Theory: 5765.6). 

Example 4 

Aia(B26). Pro(B29) Hurmn Insulin 

90 

[0069] RorkdesKXJtapeptkJe Insulin (290 mg.) and syntheHcoctapepdde Gly-Phe-Phe-TVr-Thr-Ala-Pro-Thr (310 mg.) 
were combined in 10 mi. of a solution containing one part dimethyl siJfexide, two parts 1,4-butBnedlol, and one part 
0.25M tris pH 7.3 buffer at 3r C. Porfc trypsin (60 mg.) was added. The sdutlon was mb»d well and stirred oocasionaity 
for60mln.Bt37»C. 

39 [OO:^ The reaction was stopped atthistfrne by adding the rrMuretoOOrni. of 0.05^ 

pumped onto a 21 x 250 mm C-8 Zartax columnp and the prvxiucts were etuted in a ahailow acetonitiie gradient In 0.1 
M sodium monobasic phosphate, pH 2 tHjfTer. 

[0071] The appropriate fractions, as determined by enalytlcai HPLC, were pooled, diuted two-fold with water, and 
pumped onto a 10 x 250 mm C-8 Ultrasphere odumn. The desalted protein was eiuted from the column wtth an ace- 
^ tonitrlle gradtent in 0.5% trifluoroaoetic add. The fradiona containing the purified Insulin analog were pooled and iyophl- 
llzed to yield 43 mg. The structure was vertlled by amino add analysis (Ibble I) and mass spectroscopy (IMS). 
MS: 5752.3 (Theory: 5751.6). 

ExBmole5 

45 

Aro(B26). PrQ(B29) Human insulin 

[0072] Pofic des-octapeptide insuin (290 mg.) and synthetic octapeptide Gly-Phe-Phe-iyr-Thr-Arg-Pro-Thr (310 mg.) 
were combined in 10 ml. of a solution containing one part dimethyl sdlbxide, two parts 1,4-butanediol, and one part 
so 0.25M trie pH 7.3 bufl'er at 37"C. Porfc trypdn (60 rng.) was added. The solulton 
for60mln.at37<*C. 

[OOTq The reaction was stopped at this Ume by adding the mixture to 90 ml. of O.OSjN HCI. The entire solution wos 
pumped onto a 21 x 250 mm C-8 Zortw column, and the products were eiuted in a shallow aoetonhriie gradient In 0.1 
M sodium monot>a8ic phosphate, pH 2 buffer. 
9S PMI74] The appropriate* fractions, as determined by analytical HPLC, were pooled, diuted two-fdd wtth water, and 
pumped onto a 1 0 x 250 mm C-8 Ultrasphere cdumn. The desalted protein was etuted from the column with an ace- 
tonitrile gradient in 0.5% taffluorceoetlc acid. The fradiona containing the purified insulin analog were pooled and iyophi- 
llzed to yield 103 mg. The structure was vertfled by amino add analysis (Mile I) and mass spedrosoopy (MS). 
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MS: 5836.1 (Theory: 5836.7). 

Example 6 

s AsnfB28>. Pro{B29) Human Insultn 

[0075] Pork des-octapeptlde insulin (409 mg.) and synthetic octapeptide Gly-Ptie-Phe-iyr-Thr-Asn-Pro-Thr (396 
mg.) were combined In 14 ml. of a solution containing one part (SmelTiyl sulfoxide, two parts 1,4-txitanedk3l, and one 
part 0.25M trts pH 7.3 bufTer at 37°C. Pork trypsin (81 mg.) WM added. The soiutkm was mbced well and stirred ooca- 
sionaily for 120 min. at 37^0. 

[0078] The reactfon was stopped 8t this tkrie by adding the rnlxture to 136 rni. of 0.05^ 

pumped onto a 21 x 250 rrwn C-8 Zortwx oolumn, and the products were elutad In a shallow ecetonltrile giBdient In 0.1 
M sodium monobaafc: phosphate, pH 2 buffer. 

[0077] The appropriate fractions, as determined by analytical HPLC, were pooled, diuted two-fold with water, and 
pumped onto a 25 x 300 mm 018 Vydac column. The desalted protein was etuted from the column with an aoetonitrile 
gradient in 0.5% trffluoroaoetic ackJ. TTie fractions containing the purified insulin analog were pooled and lyophilized 
to yiekl 56 mg. TYie structure was verified by amino acM analysis (l&ble I) and mass spectroscopy (MS). 
MS: 5794.7 (Theory: 5794.6). 

20 Example 7 

Asp(B28). Pro(B29) Human Insulin 

[0078] Pork des-octapeptide insulin (400 mg.) and synthetic octapeptkle Giy-Phe-Phe-Tyr-Thr-Asp-Pro-Thr (388 
mg.) were combined in 13 ml. of a solution containing one part dimethyl sulfoxkie, tm parts 1,4-butBnedksl, and one 
part 0.25M tris pH 7.3 bufTer at 37°C. Pork trypsin (78 mg.) was added. The solutkxi was mbced well and stirred ooca- 
stonaily for 120 min. at 37^C. 

[0079] The rsadton was stopped a! this time by adding the inbdure to 137 rnl. of 0 

pumped onto a 2 1 x 250 mm C-8 Zort>ax column, and the producte were ehitad In a shallow aoetonitrile gradient in 0.1 
M sodium monobask; phosphate, pH 2 buffisr. 

[0080] The appropriate fractions, as detemilned by analytical HPLC, were pooled, dl^ed 1bur4Dld with water, and 
pumped onto a 26 x 300 mm C-1 8 vydac column. The desalted protein was eluted fhxn the column with an acetonitrile 
gradient in 0.1% trffluoroaoetic eckl. The fractions containing the pirHled insulin analog were pooled and lyophlllzed 
to yiekJ 85 mg. TTie structure was wffied by amino ackl analysis (Ibble I) and mass spectroscopy (MS). 
MS: 5795.7 (Theory: 5795.6). 

Example 8 

Asp(BIO), Lvs(B28). Pro(B29> Human Insulin 

40 

A. Preparatton or Asp(B10)» Lys(B28), Pro(B29) Human InsUlln &Chaln. 

[0081] An Applied Biosystems 430A peptkla synthesizer (including software revision 1.4) was used to prepare a 
crude peptldyl resin. 0.5 Mllllmoles (mMoi) off the starting solid phase resin (t-B0C-Thr(Bzl}0CH2 Pam resin) was used 

45 (.72 mMoUlg. x .705 g.). All amino adds used were BOC prateded and, except for glutamic add, aspartic add, and 
histldlne, all were used directly as received (l.e., In cartridges from Applied Blosystems, Inc.; each cartridge contained 
approximately 2 mmd of protected amino add). Glutamic add, aspartic add, and hlstidlne were obtained from com- 
mercial sources and transfeired to cartridges such that each cartridge contained approximataly 2 mmd of the desired 
protected amino add. The crude peptldyl resin was dried under vacuum at room temperature ovemight and its weight 

» compared to the starting weight to assure reasonable weight gain. A small portion of sample was submltled tor amino 
add analysis to ensure that the desired amino adds were added in the oorred proportions. 
[0082] The peptide was deeved firom the peptidyi redn and side-chain deproteded by stbrlng for approximately 1 
hour at O^'C in a solution of 10 parts (v/w) HP (containing 5% v^ B^hiocresoi and 5% wN m-cresd) to 1 part peptWyl 
resin. After removal of most of the HFby vacuum the peptide was predpitated in ethyl ether. After several rinses with 

so ethyl ethm* fdlowed by vacuum filtration, the peptide was (fissoived in appraximateiy 120 mi. of M guanUine HQ, pH 
11, contoining 0.1M TRIS, 35 mgAni. NazSC^ and 25 mg^ml. 1^828408- The sdution was adjusted to pH 8.8 with 5N 
NaOH and allowed to stir vigorously for 3 hours a! room temperature. 

[0083] The resulting S«ulfbnatad peptide sdution was loaded onto a 5 x 215 cm column offSephadnc G-25 (medium) 
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at room tempOTture. The sample was eluted at 21 mlimin. at room lempefaturs using 50 mM ammonium bicartxyiate. 
TTie effluent was monitored at 276 nm. Fractions of 25 ml. each were colleded, and a pool of the desired fractions was 
made and further purified by high perfbrmanoe liquid chromatography (HPLC) as follows. 

[0084] The pod of the desired fractions was pumped onto a 2.5 x 30 cm DuPont C8. 9-1^ HPLC column and eluted 
s using a linear gradient of Increasing acetonitrll in 100 mM ammonium bicarbonate at toom temperature (2.6 ndTmln.). 
TTie ^uent was monitored at 280 nm. Fractions (25 ml. eech) were collected. Analytical HPLC analyses were con- 
ducted on selected fractions to determine which fractions to retain. The desired fractions were pooled end lyophilized 
and used in the following combination with the A chain. 

10 B. Combination of AapCBIO), Ly8(B28), Pro(B29) Human Insulin B-Chain with Human insuin A-Chain. 

[0085] The combination of the A and B Chains was accomplished by the precedure of Chance et al., supra . Tho g. 
of the recombinant DMA-derived Archain S-sulfbnate and 400 mg. of the synthede Asp(B10>, Ly8(B28), PrD(B29) B- 
chain S-sullbnate were each dissolved In 200 mi. and 40 ml., respectively, of 0.1 M glycine buffer at ambient temperature, 

15 each adiusted to pH 10.5 with ^ NaOH and then cooled to 5*'C. A dithiothreitol (OTT) solution at 15.5 mgiml. was 
prepared in 0.1 M glycine buffer at ambient temperature, edjusted to pH 10.5 with ^ NaOH and thw cooled to ^'C. 
[0086] The A- and B-chain solutions were combined, then 15.9 ml. of the OTT solution were quiddy added (SH/ 
SSP3- = 1 .0). TYie reaction solution was alined at 4^C In an open 200 ml. glass oenMUge botda for 19.6 hours at 4^C, 
Glacial acetic add (129 mi.) was added, and the solution was allowed to stand at 4°C Ibr one hour. 

20 [0087] The resultant predpitated mbcture was centrlfuged for 30 minutes at 2000 rpm at 4**C. The supernatant was 
combined with 292 ml. mllli-Q water and 73 mi. ecetonitrile and further purified by reversed-phase HPLC (using e 2.5 
X 30 cm vydac CI 8 column eluted at room temperature, at 2.6 miymin., using a linear gradient of increasing acetonitrlle 
In 0.1 M i^H2P04, pH 2. 1). The effluent was monitored at 2^ nm. Selected ftactlons were assayed by wialytlcal H PLC 
and the desired fractions pooled and diluted two-fold with 0.1% aqueous trifluoroecetlc add (TFA), then loaded onto 

2S an Uitrasphere octyl HPLC column (1.0 x 25 cm) and eluted with a linear gradient of Increasing ecetonitrile In 0.1% 
aqueous TFA. The effluent was monitored at 260 nra Selected fractions were assayed by analytical HPLC and ttie 
desired fractions poded and repurlfied using ttie same column and condiUbns as above with a slightly (ffferent gradient 
of acetonitriie. The appropriate ftactiona were pooled and iyophillzed giving a yield of 65 mg. of the Insulin analog of 
greater than 93% puiily by reversed-phase HPLC. The structure was verified by amino add analysis (Table I) and 

30 mass spectroscopy (MS). 

MS: 6786.1 (Theory: 5786.7). 

Example 9 

35 Cva(B28). Pro(B29) Human insuin 

[0088] Performlc add oxidation was performed to convert the cysteine of the octapepUde to the cysteic add form. 
The synthetic octapeptide Giy-Phe-Phe-Tyr-TTir-Cys-Pro-Thr (363 mg.) was dissolved in 38 ml. fireshly prepered per- 
formlc add in an Ice-ooded flasic, and allowed to stir gently for one hour. The oxidized material was diluted ten-fold 

40 with water and lyophflized. The iyophiiizate was used in ttte semisynthesis. 

[0089] Pork dea-octapeptkle insulin (222 mg.) and synth^ octapeptide Qly-Ptie-Phe-Tyr-Tlir-Cya-Pro-Thr (225 
mg.) were combined in 18 ml. of a solution containing one part dimethyl suMbadde, Uto parts 1,4-butanedfol, and one 
part 0.25M trie pH 7.3 buffer at 37»C. Pork trypdn (45 rng.) was added. The edutlon was mbced wetland 
sionaiiy for 120 min. at 3r>C. 

46 [0090] The readton was stopped at this tirne by adding the nrMure to 242 rni. of 0.0^ 

pumped onto a 21 x 260 mm C-8 Zortsax column, and the products were eluted in a shallow acetDnttrlie gradient In 0.1 
M sodium monobasic phosphate. pH 2 tHiffisr. 

[0091] The appropriate fractions, as determined by OTslytical HPLC, were pooled, diuted tw-Idd with water, and 
pumped onto a 25 x 300 mm C-1 8 >^dac cdumn. The desalted protein was eluted fh>m ttie column with an acelonitrlie 
50 gradient in 0.5% trlfluoroaoetlc add. The fractions containing the purified Insulin analog were pooled and lyophilized 
to yield 1 6 mg. The structure wes verified by amino add analysis (TMe I) end mass spednKCopy (MS). 
m: 5631.5 (Theory: 5831.7). 

Example 10 

55 

Can(B28). Pre(B29) Human insulin 

[OOaag PDrkdes-odapepadelnsuIn (290mgOarKJ«yntfidlfc;oc^ 
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WBTB combined in 10 mi. of a solution containing one part dimethyl sUfoxid , partB 1,4-bulBnediol, and on part 
0.2SM tris pH 7.3 buffer at 37»C. Porfctiypein (60 mg.)wae added. The solution was mimi well and stirred occasionally 
Ibr60min.at3rc. 

[0093] The reaction was stopped at this time by adding the mixture t 90 ml. of 0.05N HCI. The entte solution was 
s pumped onto a 21 x 250 rrvn C-8 Zort>ax colurrvi, and the products were ehjted in a shallow acetonitrii gradient In 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[0094] The appropriate fractions, as determined by analyticai HPLC, were pooled, diuted two-fbid with water, and 
pumped onto a 10 x 250 mm C-8 Uitrasphere column. TTie desalted protein was eiuted from the column with an ace- 
tonitrlie gradient in 0.5% trtfluoroacetic add. The fractions containing the purified insulin analog were pooled and lyophl- 
10 lized to yield 87 mg. The structure was verified by amino add analysis (Table 1) and mass spectroscopy (MS). 
MS: 5809.4 (Theory: 5808.8). 

Example 11 

15 Glu(B28), PrD(B29) Human Insulin 

[009q Poricdes-octapeptideinsuln (402 rng.)and8ynth6tk:octapeptideGly-4»he-Phe-Tyr-Thr-6lu4^Tlir (3^ mg.) 
were combined in 14 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanedlol, and one part 
0.26M trls pH 7.3 buffer at 37<'C. Pork trypsin (60 mg.) was added. The solution was mi3^ well and stined occasionally 
20 lbr120mln.at37»C. 

[0096] The reaction was stopped at this tfrne by adding the mbcture to 136 ml. of 0.05N Ha. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zortiax column, and the products were elutsd In a shallow ffi:etoni1rile gradient In 0.1 
M sodium monobraic phosphate, pH 2 buffer. 

[0097] The appropriate fractions, as determined by analytical HPLC, were pooled, diluted four-fold with water, and 
25 pumped onto a 25 x 300 mm C-18 vydac column. The desalted protain was elutsd from the column with an aoetonitrile 
gradient In 0.5% trifluoroacetic add. The fractions cont^ning the purified insulin analog were pooled and lyophillzed 
to yield 59 mg. TTie structure was verified by amino add analysis (Table I) and mass spectroscopy (MS). 
MS: 5609.6 (Theory: 5809.6). 

90 Example 12 

Gtv(B28), Prp(B29) Human insulin 

[009q Poricdes-octapeplkte insulin (41 2 mg.) and synthetlcoctapeplldeGly-Phe-Phe-lVr-Thr-GN^ 
^ were combined in 13 ml. of a solution containing one part dimethyl siifoxide, tm parts 1,4-butanediol, and one part 
0.25M trls pH 7.3 buflSer at 37"C. Pork tiypdn (79 mg.) was added. The soludon was mbffid well and stirred occaslonally 
for 160 rTiin.at37*C. 

[0099] The reaction was stopped at this time by adding the mixture to 147 ml. of 0.05N Ha. The entire solution was 
pumped onto a 2 1 x 250 mm C-8 Zort>ax column, and the products were eiuted in a shallow aoetonltrile gradient in 0.1 

40 M sodium monobasic phosphate, pH 2 buffSsr. 

[0100] The appropriate fractions, as determined by analytical HPLC, were pooled, diluted 1bur4Did with water, and 
pumped onto a 25 x 300 mm C-18 vydec column. The desalted protein was eiuted from the column with an aoetonltrile 
gradient In 0.1% trifluoroaoetic add. The fractions containing the purified insulin analog were pooled and lyophlllzad 
toyleid 11 rng. The structure was verified by amino add analysis (Ibbte I) and rnass spectroscopy (MS^ 

4S MS: 5737.2 (Theory: 5737.6). 

Example 13 

His(B28), PrD(B29) Human Insulin 

so 

[0101] Poricdes^octepeptlde Insulin (400rng.)andsynthettooctapeptideGly-Phe-Phe-lVr-Thr-Hi&-Pn>Thr(388^^ 
were combined In 13 ml. gf a solutfon containing one pert dimethyl sulfoxide, two ports 1,4-butBnedlol, and one part 
0.25M tris pH 7.3 bufl^at 37»C. Porfctiypein (79 mg.) was added. The sdutfon was mbod wii and atlmsd oocaslonaily 
for 120 min.al37«C. 

S5 [0102] The reaction was stopped at this time tiy adding the mixture to 237 ml. of 0.05N HCI. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zoft)ax column, and the products were eiuted in e shallow acetonltiie gradient in 0.1 
M sodium monobasic phosphate, pH 2 butter. 

piioq The appropriate fractions, as determined by analytical HPLC, were pooted, diluted four-fold with water, and 
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pumped onto a 25 x 300 mm 018 Vydac column. The desalted protein was eiuted from the column with an aoetonitrile 
gradient in 0.1% trifluoroaoetic add. The fractions containing the purified Insulin analog vtm pooled and lyophilized 
to yield 79 mg. The structure was verified tiy amino add analysis (Ihble I) and mass spectroscopy (MS). 
MS: 5816.9 CTheory: 5817.7). 

3 

Example 14 

Ileffi28). Pro(B29) Human Insulin 

10 [0104] Pork des-octapeptide InsuDn (409 mg.) and synthetic octapeptlde Qly4»h8-Phe-Tyr-ThNle-Pro-Thr (398 mg.) 
were combined in 13 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butBnedloi» and one part 
0.25M trts pH 7.3 buffer at 37"C. Porfc tiypsin (81 mg.) was added. The solution was mbced well and stirred occasionally 
for 120 min. at src. 

piOfl] The reaction was stopped at this time by adding the mbclure to 136 ml. of O.OGN HCI. The entire solution was 
15 pumped onto a 21 x 250 mm 08 Zortw column , and the products were eiuted in a shallow aoetonitrile gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[0106] The appropriate fliactions, as determined by analytic^ HPLCp were pooled, diuted two-fold with water, and 
pumped onto a 25 x 300 mm C-1 6 Vydac column. The desalted pratein was eiuted f^ the column with an aoetonitrile 
gradient In 0.5% trifluoroaoetic acid. TTie f^ons containing the purified insulin analog were pooled and lyophilized 
20 to yield 57 mg. The structure was verified by amino add analysis (Ibble 1) and mass spectroscopy (MS). 
IMS: 5793.7 (Theory: 5793.7). 

Example 15 

29 Leu(B28). Prp(B29) Human Insulin 

[0107] Poric des-octapeptlde insulin (418 mg.) and synthetic octapepdde Gly-Phe-Phe-lV^-Th^L3U-Pn>-TY1r (410 
mg.) were combined in 14 ml. of a solution containing one part dlmelhyl sulfoxide, two parts 1,44Nitanedk)i» and one 
part 0.25M trie pH 7.3 buffsr at 37<*C. Poric trypsin (83 mg.) was added. The solution was mbced weli and stirred ooca- 
90 slonaily for 120 min. at 37>C. 

[0106] The reaction was stopped at this tlm by adding the nrMure to 1 36 nr^^ 

pumped onto a 21 x 250 mm C-8 Zortoax coturrvip and the products wera eiutad in a shallow acetDnltrile gradient In 0.1 
M sodium monobasic phosphate, pH 2 bufflier. 

[OlOq The appropriate fractions, as determined by analytical HPLC, were pooled, diuted tm-fold wHh water, and 
^ pumped onto a 25 x 3Q0 mm C-18 Vydac column. The desalted protein was eiuted from the column with an aoelonitrile 
gradient In 0.5% trifluoroaoetic add. TTie firactlons containing the purified insulin analog wera pooled and lyophlllzed 
to yield 74 mg. TTie structife was verified by amino add analysis (Ibble I) and mass spectroscopy (MS). 
IMS: 5793.8 (Theory: 5793.7). 

40 Example 16 

Nle(B28). Pro(B29) Human Insulin 

[01 KQ Poricdes-octapeptide insidin (290 mg.) and synthetic octapeptlde Gly-Phe-Phe-1Vr-Thr-Nle-Pro-'nir (310 mg.) 
45 were combined In 10 ml. of a sdufion containing one part dimethyl siifoxide, two parts 1 ,4-butBnedio(, and one part 
0.25M trts pH 7.3 bufllsr at 37*C. Portc tiypain (60 mg.) was added. The solution was mbcad well and stined occaslonally 
for60min.8t37"C. 

pilll] The reaction was stopped at this 6me by adding the mbcture to 90 ml. of 0.05N HCt. The entke adutton was 
pumped onto a 21 x 250 mm 08 Zort)ax column, and the produeta were eiutad In a shallow acetonitrile gradient In 0.1 

so M sodium monobasic phosphate, pH 2 bufllsr. 

[0112] The appropriate fractions, as determined by analytical HPLC, were pooled, diuted two-fold with water, and 
pumped onto a 1 0 x 250 mm 08 Uttrasphere odumn. The desalted protein was eiuted from the column with an aoe- 
tonitrile gradient in 05% trifhjoroeoetic add. The fractions containing the purified insulin analog were pooled and lyophi- 
lized to yield 54 mg. The structure was verified by amino add analysis (Table I) and mass spectroscopy (MS). 

99 MS: 5794.6 (Theory: 5793.7). 
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Example 17 

MetfB28). PrD(B29) Human Insulin 

5 [01 iq Pork des-octapeptide insulin (350 mg.) and synthetic octapeptlde Gly-Phe-Phe-Tyr-ThP>Met-PrD-'mr (366 
mg.) were combined in 12 ml. of a solution containing one part dimethyl sulfoxide, two parts 1 ,4^butanedtol, and one 
part 0.25M tris pH 7.3 t>uffer at 3T>C. Pofic trypsin (71 mg.) was added. The solution was mixed weii and stirred ooca- 
alonaJly for 120 min. at 37^0. 

[0114] The reaction was stopped at this time t>y adding the mixture to 118 mi. of 0.05N HCi. The entire soiution was 
10 pumped onto a 21 x 250 mm C-8Zort)ax columnp and the products were eiuted in a shallow acetonilnie gradient in 0.1 
M sodium monobasic phosphate, pl-l 2 buffer. 

[011 Q The appropriate fractions, as detemilned by analytical HPLC, were pooled, diluted four-fold wHh water, and 
pumped onto a 25 x 300 mm C-1 6 vydac column. The desalted protein was eiuted tarn the column with an aoetonitrlle 
gradient in 0.1% trifluoroaoetlc add. The fractions containing the pirified insulin analog were pooled and lyophllized 
15 \o yield 72 mg. The structure was verified by amino add analysis (Ifable I) and mass spedrosoof^ (MS). 
MS: 5811.8 (Thewy: 5811.7). 

Example 18 

20 Om(B28). Pro(B29) Human Insulin 

[Oliq Pork dea-octapeptide Insulin (290 mg.) and synthetic octapeptide Gly-Phe-Phe-lVr-Thp-Om-Pro-Tlir (310 
mg.) were combined in 10 ml. of a solution containing one part dmethyl sulfoxide, two parts 1,4-butanedk)i, and one 
part 0.25M tris pH 7^ buffer at 37»C. Pork trypdn (60 mg.) was added. The s^ 
29 sk)f^lyfor90min.at3r>C. 

[0117] The reaction was stopped at this time by adding the mixture to 90 ml. of 0.05N HCI. The ent^ solution was 
pumped onto a 21 x 250 mm C-aZortiax column, and the products were elutad in a shaitowacetDnilriie gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[0118] The appropriate fractions, as determined by analytical HPLC, were pooled, diuted two-fold wHh water, and 
^ pumped onto a 10 x 250 mm C-8 LUtrasphere column. The desalted protein was eiuted from the column with an ace- 
tonltrlle gradtent In 0.5% tiffluoroacetic add. The ftacdons containing the ptilfled Insulin an^og were pooled and lyophl- 
lized to yiekl 89 mg. The atnicture was verified by amino add analysis (Table 1) and mass spectroscopy (MS). 
MS: 5705.2 (Theory: 5794.7). 

39 Example 19 

Phe(B28). Pro(B29) Human insuin 

[0110] Poric deo-octapepVde InsUIn (290 mg.) and synthdic octapeptide Gly-Phe-Phe-iy-Thr-Phe-Pno-Thr (310 

40 mg.) were combined in 10 mi. of a adutlon containing one part dlmettiyi autfoxlde, two parts 1«44xitanedolp and one 
part 0.25M tris pH 7.3 buffer at 37"C Pork trypdn (60 rngO was added. The adutlon was rnbced well and stirred occa- 
sionally for 80 mki. at 3rC. 

[0120] The reaction was stopped at this time by adding the mixture to 90 ml. of 0.05N Hd. The entire sdution was 
pumped onto a 21 x 250 mm C-8 Zortm column, and the products were eiuted in a shallow aoetonltrile gradient in 0.1 

49 M sodium monobasic phosphate, pH 2 buffer. 

[0121] The appropriate fractions, as determined by analytical HPLC, were pooled, diluted fbur-fold with water, and 
pumped onto a 25 x 300 mm C-1 8 N^dac column. The desalted protein was eiuted from the column with an acefonitrile 
gredient in 0.1% trifluoroacetic add. The fractions containing the purified insulin analog wsre pooled and lyophllized 
Id yield 17 mg. TTie structure was verified by amino add analysis (IWe I) and mass spectroscopy (MS). 

» MS: 6627.9 (Theory: 5827.7). 

Example 20 

Pro(B29) Human Insulin 

85 

PI122] Pork des-octapepOde Insuin (339 mg.) and syntheticoctapeptide Gly-Phe-Phe-iyi^Thr-Pro-Pro-Thr (363 mg.) 
were combined in 0 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanediol, and one part 
0 J25M trte pH 7.3 buffer at 37*0. Pork trypsin (70 mg.) was added. The solutton was mbced well and sUrred occaskxially 
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lbr80min.8td7"C. 

[0129] The reaction was stopped at this tirna by adding the entire solution was 

pumped onto a 10 x 250 mm C-8 Zorfoax column, and the products were eMed in a shallow aoetonHrile gradient In 0.1 
M sodium monobasic phosphate, pH 2 bufTer. 
9 [0124] Theappropriat f^tions, as determined by analytical IH PLC. were pooled, dluted two-fold wf^ 

pumped onto a 10 x 250 mm UitiBsphere column. The desalted protein was eluted from the column with an ace- 
tonitrf le gradtent In 0.5% trifluoroacetic add. The fractions conteining the purified insulin analog were pooled end lyophl- 
lized to yield 97 mg. The stmcture was verified by amino add analysis and mass spectroscopy (MS). 

IMS: 577B.6 (Theory. 6777.6). 

10 

Example 21 

SeriB28), Ppo(B29) Human insulin 

15 [0125] Pork des-odapeptide insuin (412 mg.) and syntheticodapeptide Gly-Phe-Phe-TVr-Thr-Ser-Pro-TYir (390 mg.) 
were combined In 13 ml. of a solution containing one part dimethyl siifoxide, two parts 1,4-butanediol, and one part 
0.25M trfs pH 7.3 buffer at 37^C. Pork tiypdn (60 rng.) was added. Th^ 
lbr120min.at37«C. 

[012q The reactton was stopped at this time by adding the mixture to 137 rid. cf0.06NHa^ 
20 pumped onto a 21 x 250 mm C-6 Zortiax column, and the products were eluted in a shallow eoetonHriie gradient In 0.1 
M sodium monobesto phosphate, pH 2 buffer. 

[0127] The appropriate fl^ons, as determined by analytical HPLC, wera pooled, diuted two-fbld with water, and 
pumped onto a 25 x 300 mm C-16 y/^dBC column. The desalted protein was eluted from the column with an acetonitrlie 
gradient in 0.5% trffluoroaoetic add. The fractions containing the purified Insulin analog were pooled and iyophiilzed 

29 lo yiekJ 37 mg. The structure was verified by amino add analysis (IWe 1) and mass spedrosoopy (MS). 

IMS: 6768.1 (Theory: 6767.6). 

Example 22 

30 Thr(B28), Pro(B29) Human insulin 

[0128] Pork de»<)ctapeptk1e Insulin (437 mg.) and synthetic octapeptkie Qly-Phe-Phe-TVr-Thr-Thr-Pro-Thr (420 mg.) 
were combined In 14.5 ml. of a solution containing one pert dimethyl sulfbxidep two parts 1 ,4-butane(fiol, and one part 
0.25M tris pH 7.3 buffsr at 37*0. Pork trypsin (86 mg.) was added. The solution was mixed wdl and stirred occaskxially 

39 ibr120mln.at37oc. 

[01 29] The reaction was stopped at this time by addbig the mbdure to 136.6 ml. of OJOSH Ha The entire solution 
was pumped onto a 21 x 260 mm C-8 Zorbax column, and the products were eluted in a shallow aoetonltrtle gradient 
in 0.1 M sodium monobasic pho^)hate, pH 2 tHiffier. 

[0130] The appropriate fractions, es determined by enaJyticai HPLC, were pooled, diuted two-fbld wHh water, and 

40 pumped onto a 25 x 300 mm C-18 vydac column. The desalted proton was eluted fhxn the column with an acetonitrlie 
gradient in 0.6% trffluoroaoetic add. The fVactions containing ttie purified insulin analog were pooled and iyophiilzed 
to yield 78 mg. The structure was verified by amino add analysis (Ihble 1} and mass spedrosoopy (MS). 

ii^: 5781.9 (Theory: 5781.6). 

40 Example 23 

Trp(B28). Pro(B29) Human Insuin 

[0131] Pork des^octapeptide Insulin (310 mg.) and syntheticodapeptide Gly-Phe-Phe-iyr-ThP'Trp-Pro-Thr (325 mg.) 
so were combined In 10.5 ml. of a solution containing one part dimettiyl suifrnddOp two parts 1,4-butane(fiol, and one part 
0.25M tris pH 7 .3 buffer at 3r*C. Porfc trypsin (64 mg.) was added. The sdution was mbced well and stirred occasionally 
ibr120min.al37»C. 

[0132] The reaction was stopped at this time by adding the rryxture to 140 ml. of 0.05N HCt. The entire sdution was 
pumped onto a 21 x 250 mm C-8 Zortiax column, and tiie produds were eiutad In a staliow acetonitrile gradtent in 0.1 
ss M sodium monobasic phosphate, pH 2 bufl'er. 

[0133] The eppropriate fractions, as determined by analytical HPLC, were pooled, diuted twD-ffdd wHh water, and 
pumped onto e 25 x 300 mm C-18 VVdec cdumn. The desalted protein was eluted fifom the column with an acetonitrlie 
gradient in 0.6% trffluoroaoetic add. Th ftedons containing the pirHled Insulin analog were pooled and iyophiilzed 
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lo yield 47 mg. TTie structure wee verified kiy amino add anatyais (Ihbte I) end mass apediosoopy (MS). 
MS: 5886.2 (Theory: 5868.7). 

Example 24 

s 

TVr(B28). Pro(B29) Human Insulin 

[0134] PorkdesKxrtapeptlde Insulin (391 niig.) and synthetic oclapeptideOly4>he>Phe-lVr-Thr-lVr-l=^ 
were combined in 13 mi. of a solution containing one pari dimethyl sulfoxide, two parts 1,4-t)u1anediol, and one part 
10 0.25M trto pH 7.3 bufffer at 37°C. Por1( tiypsin (79 mg.) was added. The solution was mixed well and stirred occasionally 
for120mln.at37*C. 

[0135] The reaction was stopped at this thie by adding the mixture to 137 ml. of 0.05N HQ. The entire solution was 
pumped onto a 21 x 260 mm C-SZorbax column, and the products were elutsd in a shallow acetonitrile gradient In 0.1 
M sodium monobasic phosphate, pH 2 buffer. 
19 [013Q] The appropriate fractions, as determined by analytical HPLC, were pooled, diuted hM>-fold with water, and 
pumped onto a 25 x 300 mm C-1 8 vydac column. The desalted protein was eiuted from the column with an acetonltriie 
gradient in 0.6% trifluoroaoetlc add. TYie fractions containing the purified insulin analog were pooled and tyophillzed 
to yield 30 mg. The structure was verified by amino add analysis (Tbble I) and mass spedioscopy (MS). 
MS: 6643.7 (Theory: 6843.7). 

20 

Example 25 

>AiifB28), Pro(B29) Human InatJIn 

^ [0137] PoricdesKictapeptide insulin (400rno.}Bnd8ynth^oclapeptideGiy-Phe-Phe-TVr-Thr-VBl-Pre-Thr(363r^ 
were combined in 12 mi. of a solution containing one part dlmsthyf sulfoxide, two parts 1p4-butanediol, and one part 
0.25M trie pH 7.3 bufTer at 37^C. Fotk tiypsin (78 mg.) was added. The solution was mixed well arKj stirred occasionally 
for120min.at3rC. 

[01 39] The reaction was stopped at this time by adding the mixture to 238 mi. of 0.05N Hd. The entire solution was 
90 pumped onto a 21 x 250 mm C-8 Zortwx ooiunrvi, and the products were eiuted In a shallow aoetonilrile gradient In 0.1 
M sodium nrKDnob^ phosphate, pH 2 buffer. 

[013q The appropriate fiacHons, as determined by analytical HPLC. were pooled, diluted four-fold with water, and 
pumped onto a 25 x 300 mm C-16 vydac column. The desalted protein was eiuted from the column with an acetonltriie 
gradient In 0.1% trifluoroaoetlc edd. The fractions containing the piviffed Insulin analog were pooled and lyophllized 

39 to yield 74 mg. TYie structure was verified by amino add analysis (Ihble I) and mass spediosoopy (MS). 

MS: 6780.0 (Theory: S779.6). 

Example 26 

40 Nva(B28), Pre(B29) Human Inauin 

[0140] Poric des-octapeptlde insulin (292 mg.) and synthetic octapeptide Qty-Phe-Phe-iy-TTir-Nva-Pro-Thr (279 
mg.) were combined in 10 ml. of a solution oontalning one part dmelhyl sulfoxide, two parts 1,44)ut8nedk)l, and one 
part0.25|M tris pH 7J3 buffer at ZT'C, Poric trypsin (57 mg.) was added. The solution was mbced well and stirred ooca- 
49 sionally for 120 min. at 37>C. 

[0141] The reaction was stopped at this time by adding the mbdure to 240 mi. of 0.06N Ha. The entire sdutton was 
pumped onto a 21 x 250 mm C-8 2ortwK column, and the products were eiuted in a shallow acetonltriie gradient In 0.1 
M sodium monobasic phosphste, pH 2 buffer. 

[0142] The appropriate lyactions, as determined by analytical HPLC, were pooled, diuted two-fold with water, and 
00 pumped onto a 25 x 300 nvn C-1 8 vyctec cdumn. The desalted protein was eiuted from the coiunm with an aceftortitrfie 
gradient in 0.5% trifiuoroacetic add. The fractions containing the purified Insulin analog were pooled and lyophllized 
fo yield 51 mg. The structure was verified by amino add analysis (Ihbie I) and mass spectroscopy (MS). 
MS: 5780.0 (Theory: 5779.6). 

00 Example 27 

[0143] UUlizing the procedures set Ibrih herdn, the tbilowfng addWonal insulin analogs are prepared: 
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(a) Asp(B1),Ly8(B28),Pro(B29) Human Insulin 

(b) da8(Phe-B1),Lys(B28).Pro(B29) Human Insulin 

(c) des(Phe-B1),Asp(B10),Lys(B28).Pro(B29) Human Insuin 

(d) d68(Ph&41,Val-B2),Ly8(B28),PrD(B29) Human Insulin 

s (6) des(Phe-B1 ,Va»-62}.ABp<B10).Ly8(B28), Pro(B29} Human Insulin 

(f) Gly(A21)^p(B10),Ly8(B28).PrD(B29) Human Insulin 

(g) Ala(A21).Asp(B10),Lys(B28),Pro(B29) Human InsuBn 

(h) cles(Thr-B30),Ly8(B28),Pro(B29) Human Insulin 

(i) Asp(B10),Afg(B28).Pro(B29) hhjman insulin 
10 (j) Ala(A21)^B28),Pro(B29) Human insulin 

(k) A8p(B1)^B28),PiD(B29) Human Insulin 

Example 28 
15 Ly8(B28), Pn?(B29) Human Insulin 

ConstmcBon of Recombinant VBCtPfs and Hosts 
A, Constmctlon of Plasmid PCZR126S 

20 

1. Isolation of PlasmM pKC283 

[0144] LvophilsafE,coli K12 BE 1201/pKC283 are obtained from tte Northern Regional Research Laboretoryp Peoria, 
Illinois 61 604, under the aooession number NRRL B-1 5830. The lyophfls are decanted into tubes containing 10 ml LB 

25 medium (10 g Bacto-tryptone. 5 g Bacto-yeast extract, and 10 g Nad per liter; pH Is ad^isted to 7.5) and Incubated 
two hours at 3Z*C, at which time the cultures are made 50 pg/mi In ampteiiin and then Incubated at 32°C cvemlghl 
The E. ra| K12 BE1201/pKC283 cells were cultured at 32'C, because the cells comprise a temperature-sensitive d 
repressor gene Intonated kito the cellular DNA. When cells that comprise a Mid-type lambda pL repressor gene or 
do not comprise a lambda pL promoter are utilized In this plasmid isolalion procedure, as described In subsequent 

30 Examples herein, the temperature of Incubation is 37>C. 

[014q A small portion of the overnight culture Is placed on LB-agar (LB medium with 1 5 gfl Bacto-agar) plates con- 
taining 50 |ig/ml ampidiln In a manner so ffii to obtain a single colony isolate of E. od[ K12 BE1201/t>KC283. The 
single colony obtained was Inoculated Into 10 ml of LB medium containing 50 |ig^ml ampidIGn and lncut>ated ovemigN 
at 32»C with vigorous shaking. The 10 ml overnight culture was inoculatad Into 500 ml LB medium containing 50 |I0^ 

39 mi ampidiln and Incubated at 32"C with vigorous shaidng until the culture rsached stationary phase. 

[0146] The fbOowing procedure Is adapted from IManiatis et al., 1982, Molecular Cloning (Cold Spring Harbor Labo- 
ratory). 

[0147] The cells were harvested by oentrifugatlon at4000 g for 1 0 minutesat 4''C, and the supernatant was <Sscarded. 
TTie ceO pellet was weshed in 100 mi of ice-cold STE buffer (0.1 h/l Nad; 10 ml4 Tris-HCI. pH 7.8: and 1 nM EDTA). 

40 After washing, the cell peilel was resuspended in 10 ml of Solution 1 (50 mM glucose; 25 mM Tris-HCI, pH 8.0; and 
10 mM EDTA) containing 5 mg/ml lysozyme and left at room temperature for 10 minutes. IWenty ml of Solution 2 (0.2 
N NaOH and 1% SOS) were then added to the lysozyme-treaM cells, and the sdution was gentty 

The mixture was Incubated on kse for 10 minutes. 

[014q Fifteen mi of ioe-ooU 5 M potassivn acetate, pH 4.8, were added to the lysed-celi mixture and the solution 
45 rnb(edtyyinvef8lon.Thesolutionwaslncubatedonloefor10minute8.The6Mpotas^ 

by adding 11 .5 ml of gladal acetic add to 28.6 ml of water and 60 ml of 6 IM potassium aoetate; the resulting solution 
Is 3 M wHh respect to potassium and 5 M with respect to acetate. 

[014q The lysed cell mixture was centriluged in a Beckman SW27 (or Hs equh^ent) at 20,000 rpm for 20 minutes 
at4"C. The cell DNA and debrislbnneda pellet on the bottom of the tJto. About 36 nil of supernatant we^ 

50 and 0.6 volumea of isopropanol were added, mbced, and the raaulting solution left at room temperature for 1 6 minutes. 
The plasmid DNA was collected by oenlrifUgation at 12,000 g for 30 minutes at reom temperature. The superratant 
was discarded, and the DMA pellet was washed with 70% ethand at room temperature. The ethanol wash was de- 
canted, and the pellet was dried in a vacuum desiccator. The pellet was then resuspended in 8 ml of TE buffer (10 mM 
TrIs-HCi, pH 8.0, and 1 nM EDTA). 

55 [M50] Eight grams of CsCt were added to the DNA solution. About 0.6 ml of a 10 mg/mi solution of ethkfium bromide 
in water were added for each 10 mi of CsCt-ONA solution. The fbial density of the solution was about 1 .55 gM, and 
theethkSumbromid ooncentraton was about600^g/M. The solution was transferred to a Bedonaniy^ 
tube, filled to the top with parafnnol,sealed» and centrlfOged at 46,000 rpm fbr 24 hours at 2TO 
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two bands of DMA were visMe In ordinary light After removing the cap from th tut}e, the lower DMA bend wee lemoved 
by using a syringe with a #21 hypodermic needle inserted through the side of the centrifuge tube. 
[0151] The ethidium bromide was removed by several extractions with water-^turated 1-butanol. The CsCI was 
removed by dialysis ^instTE buffer. After xtractions with bufTered phenol and th n chloroform, the DIMA was pre- 
9 dpitated. washed with 70% ethanolp and (Med. About 1 mg of piasmid pKC283 was obtained and stored at 4''C in TE 
buffer at a oonoentration of about 1 ^g/^. A restriction site and function map of piasmid pKC283 is presented in Rgure 
1 of the accompanying drawings. 

2. Constmcdon of Rasmid PKC283PX 

10 

[01S2] About 10 ^1 of the piasmid pKC283 ONA piepared In Example 1 were mbced with 20 Ml 10 X medium-saH 
restriction buffer (500 mM Nad; 100 mM Tris-HCI, pH 7^; 100 mM MgC^; and 10 mM OIT), 20 ^ 1 mg/ml BSA, 5 pi 
restriction enzyme Pyull (-60 Units, as defined t}y Bethesda Research t-aboratorles (BRL), from which all restriction 
enzymes used herein were obtained), and 145 pi of water, and the resiJtIng reaction was incubated at 37^C for 2 hours. 
15 Restriction enzyme reactions described herein were routinely terminated by phenol and then chloroform extractions, 
which were foOowed by precipitation of the DMA, an ethand wash, and resuspension of the DNA in TE buffer. After 
terminating the Pvull digestion as described above, the Pvull-digeated piasmid pKC2B3 DNA was precipitated and 
then resuspended In 5 111 of TE bulVsr. 

[0163] About 600 picomotes (pM) of )Qiol DnkerB (5'-CCTCQAQ0-3*) were Mnased in a mixture containing 10 iil 6 X 
20 Kinase Buffer (300 mM TWs-HCI, pH 7.8; 60 mM MgClj; and 25 mM DTT), 5 ^i 5 mM ATP, 24 gl HjO. 0.5 of T4 
polynucleotide Unase (about 2.5 units as defined by P-L Biochemlcals), 5|ii 1 mg/ml BSA, and 5 ^i of 1 0 mM spemildine 
by incubating the mixture at STC for 30 minutes. 

piisq About 12.6 Mi of the Mnaaed ^Oiol linkers were added to the 5 of Pvuil-digested piasmid pKC283 DMA, and 
then 2.5 |il of 10 X ligase buffer (300 mM Tris^ia, pH 7.6; 100 mM MgOj; and 50 mM DTT), 2.5 |U of 1 mg/ml BSA. 

29 7 Ml of 5 mM ATP, 2.5 Ml (about 2.5 units as defined by P4. Biochemlcais) of T4 DNA ligase, 2.5 h1 of 10 mM spermidine, 
and 3 Ml of water were added to the DMA. The resurting ligation reaction was incubated at 4''C overnight Aftw the 
ligation raaction, the reaction mbdure was adjusted to have the composition of higrhsalt bufl'er (0.1 M NaCI; 0.05 M 
Trfs-HCIp pH 7.5; 10.0 mM MgCIa; and 1 mM DTT). About 10 mI (100 units) of restriction enzyme were added to 
the mixture, end the resulting reaction was Incubated at 37*C for 2 hours. 

30 [OlSg The reaction was ternilnated. and the Xhoi-digested DNA was precipitated, rasuspended, and Itgated as 
described above, except that no 20]ol llnlcers were added to the Igatlon mbdure. The ligated DNA constituted the 
desired piasmid pKC283PX. A restrtcHon site and liiictlon map of piasrrM pKC283PX is presented In Rgure 2 of the 
accompanying drawings. 

3S 3. Constnjction of E. mil K12 MO(WpKC283PX 

[015q E. ^K12 MO(X*)can be obtained from the Northem Regionai Research i.aboratories m lyophyllzed form 
under the accession nisnber NRRL B-15893. E. oo![K12 MO^*) comprises the wlkMype lambda pL cl repressor gene, 
so that transcription from the hybrid pL-Ipp promoter of the present Invention does not occur In E. ooji K12 MO(X^ 
40 ceils. The lyopMIs are reconstltuled, single colonies of MO(X+) are Isolatad, and a 10 ml ovemldht cutture of the MO 
(X^)cells is prepared In 3iM)stantla] accordance with the procedure of Example 28A1 , mept that the temperature of 
incubation is 37"C and no ampidlin is used In the growth me<Sa. 

[0157] Fifty Ml of the ovOTigM culture were used to inoculate 5 rni of LB rnedia which ai^ MgS04 
and 10 mM I^Cl2- The culture was incubated at 37"C overnight with vigorous shaldng. The fbllowing morning, the 

40 cutture was diluted to 200 mi with LB media containing 10 mM MgS04 and 10 mM MgO^. The diluted culture was 
Incubated at 37^C with vigorous shaldng untii the absort)anoe at 560 nm(A6so) was about 0.6, which indicated a ceil 
density of about 1x10^ cels/ml. The culture was cooled Ibr ten minutes ki an Ice-water bath, and the ceils were then 
collected by centrlfugation at 4000 g for 1 0 minutes at 4'>C. The cell pellet was resuspended in 100 ml of cold 10 mM 
MgS04 and then ImmediatBty re-pelleted by OOTtrffUgation. The cell pellet was resuspended In 100 ml of 30 mM CaCl2 

so and inoibated on ice for 20 minutes. 

pisq The oeiis were again collected by oentrlfugatton and resuspended in lOmi of 30mM CaCi2- Aone-half ml 
aliquot of the eels wes added to the ligated DNA prepared In Example 28A2; the DIMA had been made 30 mM In CaClz. 
The cell-DNA mbdure was Incubated on ice for or>e hour, heat-shodced at 42*'C for 90 seconds, and then chilled on 
ice for about two minutes. The cell-ONA mbdure was diluted into 10 mi of LB media In 125 ml ftaslcs and Incubated at 

fls 37^C for one hour. One hundred mI ailquots were plated on LB^agar plates containing amptdilin and incubated at 37«C 
until colonies appeered. 

[0159] The colonies were IncMduaily cultured, and the piasmid DNA of the indlviduai colonies wes examined by 
restriction nayme analysis and gel etec ti Dphore s ls. Piasmid DNA Isolation was performed n a smaller scale in ac^ 
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coFdanoe with the prDcedure of Example 28A1 , but the Csd gradient step was omitted until the desired E. odi K12 
MO(X*)/pKC283PX tmnsfbmiants were Identified. A restriction sKe and function map of plasmid pKC283PX Is present- 
ed in Figure 2 of the accompanying drawings. 

9 4. CcnetmcMon of E. ooH K12 MQ(X*)/HKC283-L 

[01 Ten ^ of plasmid pKC283PX DNA prepared In accordance with the procedure of Example 2aA1 were die- 
solved In 20 lil of 10X higrvsalt buffer, 20 yd 1 mg/mi BSA, 5 \i} (-50 units) restriction enzyme B^ll» 6)iJ (-50 units) 
restriction enzyme Xhol . and 150 |iJ of water, and the resulting reaction was incut>ated at 37^C for two hours. The 

10 reaction was stopped, and after precipitating the Bglll-Xhol digested DNA, the DNA was resuspended in 5 ^1 of TE 
buffer. 

[0161] A DNA linlcer with single-stranded DNA ends chaiadertstic of Bglll and Miol restriction enzyme cieavage was 
synthesized and Idnased. The linker was kinased In substantial accordance with the procedure of Example 28A2. TTie 
DNA Inker had the foilowing stnjcturo: 

15 



5 • -CATCTATTAACTCAATCTAGAC-3 • 

inniiiiiiiiitiii 

20 3 « -ATAATTGAGTTAGATCTGAGCT-S ' 



TTw linker depicted above was synthesized ftom single-stranded deoxyollgonucleotkles tvy procedures well known in 
the art The single-stranded d^sxyoHgonudeotkies can be synthesized with commercially available instniments, such 

20 as the 38QA DNA Synthesizer marketed by Applied Biosystems (850 Lincoln Centre Drive. Foster City, CA 94404), 
which utilizes phosphoramkllte chemistry. Other procedures for synthesizing DNA are aiso known In the art. The con- 
ventional modified phospholriester method of synthesizing single stranded DNA is described in Itakua ^ al.p 1977, 
Science 196:1066 and in Crsa et al., 1978, Proe. Nat. Acad. Sd. USA 75:5765. in addition, an eepedaily preferrsd 
method of synthesizing DNA is diseased In Hsiung at al., 1963, Nucleic AcM Research 11:3227 and Narang at al., 

30 1980, liMhods in Enzymdogy 68:90. 

[0162] The linker and Bglll-Xhoi-dlgestBd ptasmM pKC263PX were ligated in substantia] accordance with the pro- 
cedure of Example 28A2. The ligated DNA constituted the desired plasmid pKC263-L. A restrlctton site and function 
map of piasmW pKC283-L is presented in Figure 3 of the accompanying drawings. Tlie plasmU pKC283-L DNA was 
used to transform E. ^ K12 and the resulting E. ogfi K12 MO(X^KC283-L transfbrmants were kJentlfied In 

3S substantial accordance with the procedure of Example 26A3. 

5. Constmctlon of £. gaU K12 l<CXX*)WC263-LB 

[0163] About 1 0 iig of plasmU pKG263-L DNA, prepared in substantial accordance with the procedures of Example 
40 28A1.weredtesolvedln20ui1QXhlgh-<altbuflbr,20iJ1 mgmilBS^ unita) restriction enzyme Xhol. and 

155 (il of H2O, and ttie resulting reaction was irxxibated at 37^0 for two hours. TTie XhoM lgested plasmid pKC283-L 
DNA was then predpHatod from the reectton mixture by the eddttion of three volumes of 95% ethanol and one-tenth 
volume of 3 M sodium acetate, incubetkvi In a dry ice-e1har¥)l bath for five minutes, and centrifugation. The resultkig 
DNA pellet was washed with 70% ethend, dried, and resuspended In 2 ^ 10X nk^-transtetton buffer (0.5 M Tris-HCI, 
46 pH 7.2; 0.1 M MgS04; and 1 mM DTT), 1 }il of asolutton 2 mlM in each of thedecKynucieotklelriphoephates, 15plof 
H20, 1 ^ (~6 units as defined by P-L Btech e ml cal a) of Klenow, which Is the largo fingment of E. col DNA pofymerase 
I. and 1 ^ of 1 mgAni BSA The resulting readkm was Incubated at 25"Cfbr 30 minutes; the reaction was stopped by 
Incubatir^ the solutk^n at 70°C for five minutes. 

[0164] Bam Hi llnkerB (5'-CGOQATCCCG-3*) were kInased and Ogated to the XholKigested. Klenow-trBated piasmkJ 
90 pKC283-L DNA In substanttal accordance with the procedure of Example 26A2. After the ligatton reaction, the DNA 
was digested with ebout 100 units cfBamHI for about 2 hours at 37»C in high-salt buflisr. After the BamH I digestton, 
the DNA was prepared for Igatk^n in substantial accordance with the procedure of Example 28A2. 
[016Q The -^Jd kfa Bam Hi restriction fragment was circularized by Igatton and trans fo rmed Into E. oofi K12 MO(X^ 
In substantial accordance with the procedures of Examples 28A2 and 28A3. The E. coji K1 2 MO(X*)/pKC283-LB trana- 
ss formats were Identified, and then plasmid pKC283-l^ DNA wra prepared In substantial accordance with the procedure 
of Example 28A1 . A restriction site and function map of plasmki pKC263-LB is presented In Rgure 4 of th accompa- 
nying drawings. 
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6. Congtrudlon qf £. a& K12 MCX\*VbL32 

[Oieq About 10 ^g of plasmid pKC283PX were digested with reetrfctton enzyme Sell in highHsaK buffer, treated with 
Klenow, and llgated t EcoR I llnkere (S'-GAGGAATTCCTC-3') In substantial accordance wtlh the procedure of Example 

s 28A5, with the exception of the starting plasmid, restriction enzymes, and linkers used. After digestion with restriction 
enzyme Eco Ri , which results in the excision of ~2. 1 icb of DMA, the ~4.0 kb Eoo RI reslrictton fragment was circularized 
by ligation to yield plasmid pKC283PRS. The Hgeted DNA was used to transfbrm E. rail K12 MO(X^) in substantial 
accordance with the procedure of Exampie 26A3. Alter the E. coll K1 2 M0( V)/pKC283PRS transfbrmants were iden- 
tified, plasmid pKC283PRS DNA was prepared In substantial accordance with the procedure of Example 28A1. A 

10 neatnction site and fljnction map of plasmid pKC283PRS Is presented In Figure 5 of the accompanying drawings. 
[0167] About 10 ug of plasmid pKC283PRS were digested in 200 of high-sait buffer with about 50 i^iits each of 
rsatridion enzymes Psti and Sphl . After incubating the reaction at 37<*C for about 2 hours, the reaction mixture was 
eiedrophoresed on a 0.6% low-geiilng^temperature agarose (FMC Corporation, Marine Collolda Division, Rocidand, 
Maine 04841) gel for 2-^ houra at -130 Vend -75 mA ki Tii»Ac^te buffer. 

f s [01 6q The gel was stained in a dilute solution of ethidium bromide, and the band of DIMA oonatttuting the -0.85 kb 
Pstl -SphI restriction fragment, which was visualized with long-wave IN light, was cut from the gel in e small segment. 
TTie volume of the segment was determined by weight and density of the segment and an equal volume of 10 mM 
TrIs-HClp pl-i 7.6, was added to the tube containing the segment The segment was then melted by incubation at 72^0. 
About 1 ug of the -0.66 id> Pstl-^phl restriction fragment of plasmid pKC283Pf^ was obtained In a volume of about 

20 100 ill. in an analogous manner, plasmid pKC283-LB was digested with restrfdhxi enzymes Ml and Sphl . and the 
resulting ~3.0 Icb restriction fragment was Isolated by egarose gel elediophoresls and prepared for ligation. 
[0109] The -0.85 kb Psfl-Sghl restriction foment of plasmid pKC283PRS was Dgated to the -3.0 icb Psd-Sphl 
restriction ftagment of plasmid pKC283-LB in substantial accordance with the procedure of Example 28A2. The Rgated 
DNA constituted the desired plasmid pL32. A restriction site and function map of plasmid pL32 Is presented ki Figim 

29 6 of the accompanying drawings. Plasmid pL32 was transformed into £• ^ K1 2 MO(X^ calls In substantial aooordanca 
with the procedure of Example 28A3. Rasmid pL32 DNA was prepared from the E. rae K1 2 MO(X''ypL32 transfomnants 
in substantial accordance ^ the procedure of Example 28A1 . Analysis of the plasmid pL32 DNA demonstrated that 
more than one EcoR I linlcer attac:hed to the iQenow-treated, Sail ends of plasmid pKC263PX. The presence of more 
than one EcoRI Dnker does not effect the utility of plasmid pL32 or cierivBtlves of plasmid pL32 and can be detected 

^ tiv the presence of an Xhoi rastricHon site, which la generated whenever two of the EooRI lintcers are ligated together. 
Alternatively, plasmid pL32 may be constructed by carrying outtheSaii-EcoRi excision and ItgaUon of the flist paragraph 
of this Example upon plasmid pKC263-LB. 

7. Constaidlon of E. K12 MOp L* )/| pL47 

35 

[0170] E. rail K12 RV30&/pNM7B9can be obtained from the Northern Retfonal Research Laboratofies in (yophilzed 
form under the accession number NRRL B-182 16. A restriction site and f^jnctlcxi map of pNM789 is presented In Rgure 
7 of tf)e accompanying drawings. Piasmld DNA is extracted from the culture in substantial aocordanoe with the teaching 
of Exarnple 1 , except that the terripereture of hcubation to 37^C. 1^ mlcrogranis of pNM789 are suspeTK^ 

40 Pvuil buffer (50 mM Tris-Ha (pH 7.5), 60 mM NaQ and 6mM MgCts). One unit of Pvuil b added and the reaction mbc 
la Incubated fbr 5 minutaa at 37^. The enzyme Is inactivated by heating 10 minutes at 66^C. 30 ^ of 10X Bam HI 
buffer (200 mM TMs-HCI (pH 6.0). 1 M Naa and 70 mM MgC^, 70 Ml HjO and 10 unita of BamHI ana next added and 
the reaction is incut)eted for 1 hour at 37^C. This Is fbOowed by the addHion of 5 units of aDcaline phosphatase and 
incubation fbr 1 hour at 65**C. The DNA fragments are separated on a 1 percent egarose gel, and a DNA fragment 

45 (Figure 6) the size of a single cut fragmenrt is purified. 

[0171] A DNA linlcer with a blunt end and a BamH I end is synthesized in substantial accordance with the teaching 
of Example 28A4. This linker (shown at 118 in Figure 8) hes the fbilowing sbwture: 



5 • -C3GTGCCTTCTAC-'3 ' 

lllllillllllt 
3 ' -GACACGGAAGATCCTAG-5 * 

55 

The linlcer is Idnased and llgated into the BamH I -Pvu li digested plasmid pNM789 In substantial aooorciarice with the 
teaching of Exampl 28A2. This ligation mbcture is used to transform E. coil K12 RV308 ceOs and plasmid isolation is 
performed upon these transfomnants In substantial accordance with the teaching of Example 26A3. Several piasmlda 
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are seiecled wtiich contain the appropriate size Pvull fra^Fwit (494bp} and Xbal -BamH I tr^ment (628bp). The se- 
quenoe of at least two of these is determined by sequencing from the Bam Hi site toward the unique Sma i site and one 
done is selectad with the desired sequence. This intennediate plasmid is designated plasmkJ 1 20. A schematic outline 
of this procedure and a restriction site and fUncQon map cf plasmid 120 Is presented In Figure 6 of the acoompanytng 
0 drawings. 

[0172] To isolate the EK-BGH-enoodIng DNA, about 10 MO of piasmid 120 were digested in 20Q of high^ buffer 
containing about 50 units each of restriction enzymes Xba i and BamH I. The digestion products were separated by 
agarose gel electrophoresis, and the -0.6 kb Xbal -Bam HI restriction foment which encodes EK-BQH was Isolated 
and prepared for ligation In substantial accordance %vlth the procedure of Example 28AB. 

10 [0173] Plasmid pL32 was also digested with restriction enzymes Xbai and BamH i, and the -3.9 kb restriction f^ 
ment wes isolated and prepared for ligation. The "ZM Icb Xbai -BamH I restriction fragment of plasmid pL32 wes iigated 
to the -0.6 icb Xbai- BamH I restriction fragment cf plasmid 120 in substantial accordance with the procedure of Example 
28A2 to yield plasmid pL47. A restriction site and fljnctton map of plasmid pU7 is presented in i=igure 9 of the accom- 
panying drawings. Plasmid plj47 was transibrmed into E. ^ K1 2 MO(X*) in substantial accordance with the procedure 

15 of Example 28A3, and the E. raii K12 MO(X^ypL47 tr a n s fo rmants were identified. Piasmid pL47 ONA was prepared 
from the trensfbmiants in substantial accordance with the procedures of Example 28A1. 

8. Constmction of £. flOti K12 RV30B/pPR12AR1 

20 [0174] PIsotM pPR12 comprises the temperature-sensitive pL repressor gene ci857 and Ihe plasmid pBFl322 1^- 
recyctine reslstonce-confenlng gene. Plasmid pPR12 Is disclosed and dalmed in U.S. Patent #4,436,615, issued 13 
March 1984. A restriction site and Itinction map of plasmid pPR12 is presented In Rgure 10 of the accompanying 
drawings. 

[017^ About 10 ^g of piasmid pPR12 were digested with atxxit 50 units of restriction enzyme Eoo RI \t\ 200 ^1 of 

2S high-salt buffer at 3rc for two houre. The EooRi-cfigested plasmid pPR12 DMA was precipitated and treated with 
Klenow In substantial accordance with the procedure of Example 28AS. After the Klenow reaction, the EcoRi-digested, 
Kienow-treated piasmid pPR12 DNA was recircuialzed by ligation in substantlai accordance with the procedure of 
Example 28A2. The Iigated DNA, which constituted the desired piasmid pPR1 2AR1 , was used to transfomn E. rol! K12 
RV308 in substantial accordance wfth the procedure of Example 28A3, except that selection was based on tetracycline 

^ (5 ug/ml) resistance, not ampidlln resistance. E. ooli K12 RV306 Is avalable from the NRRL under the accession 
number NRRL B-15624. After the E. rofl K12 RV30B/pPR12AR1 translbmnants were Identlfled, plasmid pPR12dR1 
DNA was prepared fh>m the Iranslbmfiants In substantlai accordance with the procedure of Example 28A11. 
[0170] About 10 ^g of plasmid pPR12AR1 were digested with about 50 irits of resbldion enzyme Aval In 200 ^l of 
medium-salt buffer at 37*C tbr 2 hours. The Aval-digested plasmid pPR12AR1 DNA was praclpltBted and treated wHh 

35 Klenow in substantlai accordance with the procedure of Example 28A5. After the Klenow reaction, the Avai-dinested. 
Kienow-treated plasnM pPR12AR1 DMA was Iigated to EooRI iinkere (S^-QAGGAATTCCTC-SO m sitetanHai aocorx^ 
ance with the procedure of Example 28A2. After the Inker ligation, the DNA was precipitated and then resuspended 
in about 200 ^1 of high-salt buffer containing about 50 units of restriction enzyme EcoRI . The resulting reaction mm 
incubated at 37"C tor about 2 hours. After the EcoRI digestion, the reaction mbdure was loaded onto an agarose gel, 

40 and the -*6.1 kb EooRI restriction fragment was purified in sulMrtantlal accordance with the procedure of Example 
28AB. The -5.1 id) EcoRI restriction fy^^ment was redrculartzed by ligation in substantial accordance wfth the pro- 
cedure of Exan^le 28A2. The Igated DNA constituted the desired ptasmid pPR12AR1 . The plasmid pPR12AR1 DNA 
was trensfbrmed into E. og|[ K12 RV308 in substantial accordance with the procedure of Example 28A3, except that 
selection was based on tetracycline resistance, not ampidiiin resistance. After identifying the E. ooH K12 

4S RV308/pPR12AR1trBn8fbnnantB» plasmid pPR12AR1 DNAwaa prepared in substantlai aocordanoewlth the procedure 
of Example 28A1. A restricllon site and lUnctlon map of piasmid pPR12AR1 is presented In Figure 11 of the accom- 
panying drawings. 

9. Construction of E. poU K12 RV3QB/pLll0 

50 

[0177] About 10 M of plasmid pPR12AR1 DNA were suspended in about 200 ml of high-salt buffer containing about 
50 units each of restriction enzymes P^l and EcoRI, and the digestion reaction was Incubated at 37*C for about 2 
hours. Ttie reaction mbdure was then loaded onto an agarose gel, and the ~2.9 kb Psti-EcoRI restriction fragment of 
plasmid pPR12AR1 was isolated and prepared for ligation In substantial accordance with the procedure of Exan^ 
S5 28A6. 

10178] About 10 ug of plasmid pL47 were digested with restriction enzymes PstI and BamH I in 200 ui of high-salt 
buffer at 37>C for two houre. The Psd-BamHl-dlgested DNA was loaded onto an agarose gel, and the ~2.7 kb Pst i- 
Bam HI restriction fragment that comprised the origin of replica t ion and a portion of the ampldllln reslstance^xxiferrlng 
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gene WB8 isolated and praperad Ibr ligation in substantial aooordanoa with the prooadura of Example 28A6. In a sep- 
arate reaction, etXHit 10 ug of plasrTtid pL47 DMA were digested wHh restriction enzymes EcoRi and Bam HI In 200 ul 
of high-sait txjffer at ZT*C for two hours, and the ~ 1 .03 kb EooRI -BamH I restriction fragment that comprised the novel 
transcrfplional and translationai acttvating sequence and th EK-6GI4-encodlng OIMA was Isdated and prepared fbr 

9 ligation in substantial accordance with the procedure of Example 28A6. TTie ^2 ug of th "^LOa Kb EcoRI -Bam HI 
restriction fragment obtained were used In the GonstmcUon of plasmid pL11 0. 

[017q The -2.7 i(b Pstl-BamHI and ^^1.03 kb EcoW-BamHI restriction fre^nents of plasmid pL47 were Dgated to 
the -2.9 kb Pstl-EcoRI restrlctkm ftagment of plasmM pPR12AR1 to oonstnjct ptasmid pL110, and the llgated DMA 
was used to Iransfonn E. coH K12 RV308 in sutntantial accordance with the procedure of Examples A2 and 28A3, 

10 except that t^racydlne resistance, not amptoillln resistance, was used as the basis for selecting transfbrmants. 
[018(Q TVvo Psd restriction enzyme reoognHion sites are present In the EK-BGH coding regk>n that are not depleted 
in the restriction site and function maps presented in the accompanying drawings. A restriction site and function map 
of plasmid pL110 Is presented in Rgure 12 of the accompanying drawings. 

15 10. Construction of E. coli K12 RV308/i;>L110C 

a. ConstmcMon of £, ooH K12 RV30B/DL110A 

[0181] About 1 pg of plasmid pL110 DNA was digested with restriction enzyme Ndei In 20 ^ total volume containing 
20 2 ^i Of 10X high-salt buffer (1.0 M NaCi; 0.50 M Tris-HQ, pH=7.S; 0.10 M MgClj; and 10 mM dithiothrettoQ and 3 units 
of Ndei enzyme for 1 hour at 37°C. The reecHon mbdure was extracted with phenol/chtonofomi and the DNA precipitated 
with ethand. The Ndel-dlgested plasmid pL1 10 DNA was dtesolved in 50 pi of 1X Klenow buffer (40 mM KPO4, pH=7.5; 
6.6 mlM Mg(^ 1 .0 mlM 2-mercaptoethanol; 33 [OM dATP; 33 |iM dCTP; 33 |iM dGTP; and 33 piM TTP). TVvo pi (-10 
units, New England Blolabs) of the large fragment ofE. poll DNA potymerase I, known as Klenow, were added to and 
25 mbced with the DNA, and the resulting rraction was incubated at 16"C fbr 1 hour. The reaction was terminated by 
phenol extractk3n and the DNA convenlkmally purified. The Nde^dlgestBd, Kienow4reated DNA was then llgated with 
T4 DNADgase 8t4''Cfbr 16 hom. The resulting DNA was used to conventtonaily transform E. coli K12 strain RV308 
(NRRL B-16824). Transfonr^ants were selected on L-agar plates containing 100 pg/ml ampkiiiiln and plasmkts belated 
from resistant colonies by the rapid alkaline extraction procedure described by Bimboim and Doly. A plasmU (pLIlOA 
30 in Figure 13) tacking an Ndei site was seleded. 

b. Constnjction of Phage pLIlOB by Slte-Specfflc Mutagenesis 

[OlSq The pratoool for eliminating the BamH I site In the tetFacydlne reslstancewifening gene by sHs-^pecifk; 
3$ mutagenesis is shown on the right hand side of Figure 13 of the accompanying drawings. 

m Constmctton of Phage M13Tc3 

[OlSq RasmkJ pLIlO served as the sourue of the tetracydne reslstance-oonfening gene. About SO pg of plasmid 
40 pLIlO in GO pJ of TE buffer were added to 25 pi of 10X HIndlll buffer and 170 |il of H/>. About 6 pi (-60 units) of 
restridton enzyme HIndlll were added to the sdutton of plasmid pLIlO DNA, and the resulting reactton was Incubated 
at 37»C for 2 houre. About 13 ^1 of 2 IM -ms-HCt, pH=7.4, and 5 pi (--50 units) of restriction enzyme EcoR I were added 
to the Hkidiil-digested plasmid pLIlO DNA, and the reedton was Incubated fbr 2 more hoivs at 37*0. The reactton 
was stopped kyy extracting the reactton mbdure with TE-saturatad phenol; the phenol was removed by chtorotorm 
45 extracttona. The EooRI-Hlndlll^dgested plasmkl pLIlO DNA was then coltocted by precipitation and oentriftjgatton, 
k>aded Into a 1% agarose gel, and the large «4.3 kb EcoRI-Hlndill reslilcflon fragment was Isolated and purified. 
[0184] About 5 pg of phage m13mpia (New England Btolabs) were dissolved in 50 pi of TE buffisr and then ifgeeted 
with HIndlll and Eco RI as described above. The Hlndlll-EcoRI-cut phage M13mp18 DNA was purified as described 
for pLIlO except that an --7.25 kb restrtctton fra^nent was Isolated and purified, 
so [0188] About 100 rmnograms of the -4.3 kb Hindlll-EcoRI ftBgment of plasrrtid pLIlO were mixed with about 100 
nanograms of the ~7^ kb Hindlll-EcoRI fragment of phage M13mp18, 2 pi of 10X iigase buffer, 1 pi (-100 units) of 
T4 DNAIIgBse, and 14 pi of H^O. The Dgalion raactton was incubated at 15»C for 1.5 houre; the llgated DNAconsQtuted 
the desired phage m 1 3Tb3 DNA. A restrictton site and function map of phage ml 31b3 Is presented In Figura 13 of the 
accompanying drawings. 

ss PI1881 One ml of an overnight culture of E. ^ K12 JMIOO (E. ooil K12 JM101 , avaliabte from New England Blolabs, 
can be used Instead of E. ooH K12 JM109) was used to inoculate 50 nri of L braith, and the resulting oultore was 
incubated at 37*C vrfth aeration until the 0.0.^ was batmen 0^ and 0.4. The oells were resuspended In 25 ml of 
10 mM NaCI, Incubated on ice fbr 10 minutes, and collected by oentrlftjgatton. The oeila were resuspended in 1 .26 ml 
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of 75 mM CBCI2; a 200 ^l alquot of the ceils was removed, added to 10 ^1 f ttie llgated DNA prepared above, and 
incubated on ioe for sboiA 40 minutes. Tbe oell-E>NA mbdure was then incubated at 42°C for 2 minuteSp and varying 
alquot8(1, 10, and 100 ^1) were removed and added to 3 rN of top agar (L broth with 05% agar iceptmdten at 45^ 
that also contained SO M of 2% X-Gal. 50 mJ of 100 mM IPTG, and 200 f E. cgl] K12 JM109 in logarfthmk; growth 
s phase. The oell-tDp agar mixture was then plated on L-agar piates containing 40 ^ml X-(3al (5-brorK>4-chlofo^n- 
doty(-p-D-thiogaladDside) and 0.1 mM IPTG (Isopropyl-p-CMhiogaladDside}, and the plates were incubated at 37*0 
ovemigtit. 

[0187] The following moming, several dear, as opposed to blue, plaques were Individually used to inoculate 2 ml of 
L broth, and the resulting cuHures were incubated at 37^C with aeration for 2 hom. The absence of blue color Indteates 

10 the desired DNA insertion occurred. Then, the cultures were centrifuged, and 200 ^i of the resulting supernatant were 
added to 10 mi oitures (O.D.5go = 0.5) of E. ^ K12 JM109 growing at ZT'C with a^ation. These cultures were 
Incubated Ibr another 30 mkiutes at 37»C; then, the cells were peleted by cenirifugatlon end used to prepare the 
repllcathre-lbrm of the recombinant phage they contakied. Double-stFanded, replicative form phage DNA was isolated 
from the cells using a scaled-down version of the procedure described in Example 1. Tranaformants containing phage 

15 m1 3Tb3 DNA were identified by restriction enzyme analysis of their phage DNA. 

m) Preparation of Sinale-Stranded Phage mlSTcS DNA 

[0180] One and one-half mi of an overnight culture of E. cd[ K12 JM109/m1 3Tc3 were centrlfliged, and 100 pJ of the 
20 phage m131b3-containing supernatant were used to inoculate a 25 ml culture of E. ^ JM109 at an O.D.^ of atxxit 
0.4^.5. The culture was incuk>ated for 6 houre at 37°C wHh aeration, at which time the culture was centrifuged end 
the resulting supennatant* about 20 ml, transferred to a new tube. About 2 ml of a solution containing 20% polyethylene 
glycol (PEG) 6000 and 14.8% NaCI were added to the supernatant, which was then incubated on Ice for 20 minutes. 
[0180] The supernatant was centrifuged for 25 minutes el 7000 rpm. and the resulting pelisi which contained aingle- 
2S strended phage m13Tc3 DNA. was rmusperKtod to 500 ^lofTE buffer. The DNA sdution was extr 

saturated phenol and twice with chloroform. The single-elranded DNA was then precipitated ustog NaOAc and ethanol 
and centitiliged. The resulUng pellet was washed with 70% ethanol, dried, and then (fissoived in 60 |iJ of H2O. 

bdil) Mutagenesis 

30 

[0190] The single-stranded DNAftagment used ki the mutagenesis was synthesized on an automated DNA synthe- 
sizer. The fragment has the sequence, 5'-CCCQTCCTQTOQATACTCTACGCCQA-3', and Is homologous to the region 
surrounding the Bam HI site (5'-GGATCC^') in the tetracydne resistance-conferring g^ie from plasmid pBR322. ex- 
cept that the A residue second from the 5" end (or third from the 3' end) is a C in plasmid pBR322. This change does 

3S not alter the amino add composition of the tetracycline resistance^confefrf ng protein but eliminates the Bam HI site. 
[0191] About 10 picomoies of the mutagenic primer ml the M13 universal primer (Belhesda Research Laboratories 
(BRL), P.O. Box 8009. QalthersbiMg, MD 20780) were individually treated with 10 units (BRL) of T4 pdynudeotlde 
kinase in 20 ^1 of 1X l<mase buffer (60 mM Tris-Ha, pH s 7.8; 15 mM 2-meicaptoethanoi; 10 mM MgCtj; and 0.41 ^M 
ATP) tor 30 minutes at ZPC. The Unase-lreated DNAa were used in the mutagenesis procedure described below. 

40 [Oloq The annealing reaction was carrted out mbdng together 300 na n ograms (1.2 |il) of singla-atranded phage 
m13lb3, 1 picomole (2 pJ) of the universal primer, 1 picomole (2 |iJ) of the mutagenic primer, 2 |il of 10X anneaing 
buffer (100 mM Tris44Ci, p^7.5; 1 mM EDTA; and 500 mM NaO), and 12.8 pH of HjO. The reaction was incubated 
at 80°C for 2 minutes, at 50^0 for 5 minutes, and then allowed to cod to room temperature. 
[0183] The exlenston reaction was cerrtod out by ad<Sng 5 ^ of 10X extension bufTiar (500 mM THs-HCI, pH^O; 1 

45 mM EDTA; and 1 20 mM MgCIs); S pi oT 2 mM dATP; 1 |J of a solution 6 mM In each of dGTP, TIP, and dCTP; 1 yd (-2 
units, Phamracia P-L Biochemlcais, 800 Centennial Avenue, Placataway, NJ 08854) of Klenow enzyme; 1 |il (100 unils) 
of T4 DNA llgase; and 17 ^1 of HjO to the mbdure of anneated DNA. The extension reaction was incubated at room 
torrperatore for 1 hour, then at 37*0 for 2.5 houre, and then ovemlght at 4**C. 

[01 94] The reaction was stopped by two extractions with TE-saturaled phenol, which were followed by two extradlon s 
so with CHCI3. The DNA was precipitated with ethanol and NaOAc. The DNA was coliectsd by oentrlftjgation and resus- 
pended in50M>of H20,and6Miof 1QXS1 buffer were then added to the solution of DNA. 
[Oiaq The solution of DNA was spit equally into three tubes. About 200 unite (Mies Laboratories) of SI nudeese 
were added to two of the tubes. One 81 reaction ¥«s Incubated at room temperatore for 5 minutes, the ottier for 10 
minutes. The reactions were stopped by extracting the reaction mixture twice with TE-eatorated phenol. The phenol 
S9 extractions were followed by two extracttons with cNoroform; then, the DNA was precipitate 

with NaOAc and ethanol. The untreated sample of DNA served as a negative confaol. The S14reated samples ware 

leapt separeto from each olherthroughout the remainder of the procedure but gave similar rasuHa. 

piioq The DNA peilete were resuspended In 20 III of H2O. and 10 Ml of the resulting solutlOT transtomn 
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E. coB K12 JM109 (E. coll K12 JM101 oouid also b8 used) in socordanoewAh the pfocedufBU^ 
of phage midlbd, exoept that no IPTG or X-Gal was added to the plates. 

[0197] Oout)le-stranded repllcative form ONAfrom ak)out 48 plaques was isolated as de8Gril)ed above and screened 
for the presence of a BamH I restnction site. Isolates without a BamH I site were further screened by preparing single- 

9 stranded DNA as described above. The single-stranded DNA was sequenced using the dideoxy sequencing method 
(J.H. Smith, 1980, Methods In Enzymology 65: 560-580). The desired Isolate was designated pLIlOB (Flgura 13). 

c. Construction of Plasmld pLUOC 

10 [Otsq About 50 pg of the repiicative fbmn of phage pLUOB DNA were digested In 250 |iJ of 1X Nhei buffer (50 mM 
NaCI; 6 mM Tris HCI, pH=7.5: 6 mM MgClz; and 6 mM p-mercaptoethanol) containing -50 unrts of Nhel restriction 
enzyme at 37^ C for 2 hours. Five ^1 of 5 M NaCI were then added to the Nhel-dlgested phage pLIlOB DNA, followed 
by 5 ^ (~50 urtits) of Sa[l restrlctton enzyme. Digestion was continued for 2 houre at 37^0. The desired -^22 bp Nhel - 
Sai l fragment containing the mutated region of the tetracycflne resistance^xxiferring gene was then isolated fkom an 

IS acrylamtde gel, according to well Icnown standard procedures. 

[019q Rssn^d pL11 OA DNA was digested with Nhel and Sail under identical conditions, except that plasmid pL110A 
was substituted for phage pLIIOB. The -6.1 ld> Nhel-^i restriction fragment of plasmid pLUOA was purified from 
agarose. 

[0200] The desired plasmid pL110C was constmcted by Ogating together 100 nanograms each of the Nhel-Sali 
20 fragments of pLI 10A (~6.1 icb) and pL1 106 (~422 bp) using oonventionel procedures. A restriction site and function 
map of plasmid pLI lOCIs presented in Figure 1 3 of the accompanying drawings. The desired plasmid pL11 OC oonfsrs 
tetracycline resistance to 10 pjgfni tetFacydine in E. ooli but iacio a BamH I site In the tetracycline reslstance-oonf^nlng 
gene. 

2$ 11. Constfudion of Rasmid pCZR111 

[0201] Plasnvd pLUOC contelns a single Oal restriction site which was removed by mnning the following reactions. 
About 1 ^g of plasmid pLIIOC was digested witii ^1 in substantial accordance with the teaching of Example 28A2, 
except restriction enzyme Clai and 10X Oal Buffor (500 mM NaO, 100 mM Tris-HCI (pH 7.9} and 100 mM MgCtj) 
90 were used. The Clal-digestedDlslA was then treated wtthlOenow In substan^ 
ample 26A6, except only dCTP, rather than all fbur dNTPs, was added. 

[0202] The DNA was then pr^pitated and resuspended in 50 id of Mwig Bean hAjdease BufTer (60 mM Sodixn 
Acetate (pH 5.0), 30 mM Nad and 1 mMZnS04}. One iffiit of Mung Bean Nuclease (corrYnerdaliyavaflablefrom New 
England Biolabs) was added end the reaction was incubated at 30^C for 30 minutes. The tube was then placed In Ice 
3S and NaCI was added to 0.2 M, then the mixtore was phenoi/chiorofbrm extreded, ethand predpitated and resuspended 
in 1 0 mM TrIs-HO (pH 6.0). Tlie Di^ was then self-ligated and transfonned into E. ogfi cells in substantial aoxxdance 
with the teaching of Examples 26A3 and 28A4. TTie resultant plasmid was dedgnated piasmkJ pCZRIII . 

12. Construction of Rasmid pCZR126S 

40 

[0203] About 26 ug of plasmid pCZRIII was digested with »al as fbltows. 10X2^1 buffsr oonsiste of 600mM 
Tris-HCI, lOOmM MgCiz, 1 M Nad. and lOmM 2-merc8ptoethanoi, pH 7.5 (at 37»0. 50 ui of lOXXbai bulfor. 15 ul of 
Xba I (lOU/ul), and 1 85 ul of HjO were added to the 250 ul of water contairring about 25 ug of plasmid pL1 10. The 
digestion proceeded at 3r>C for 1 hour. 2^1 digested pLIlO was then extracted in phend, a 1/10 vdume 3M 
4S CH3C00-Na was added, 3 vdumes of ethand were added; the mbdure was incubated in a dry ioe-ethand bath for 5 
minutes, and then centrHtjged The precipitated DNA was resuspended In 60 ul Hfi. 

[0204] The digested plasmid pCZR111 was digested with Bam HI as fdlows. 0.2 ui of BamHI (10 UAjI). 10 ul of 
Bam HI buffer (lOOmM Tris-HCI. 50mM Mgda. 1 M Naa, and 10mM 2-Mercaptoethand, pH 8.0 [at 37>q}. and 90 ui 
of H2O was added to ttie 50 ul ofXbal digested pL110 obtained hereinabove. The digest prx)ceeded for 5 minutes al 

SD 37''C. The digested PCZR111 was extracted in phend, a l/IOvdumesofCHaCOONa^- was added, followed by addi^ 
of 3 volumes of ethand. Predpitated DNA was resuspended in 50 ul of 10mM THs, ImM EDTA, pH 6.0 buffer. 
[0205] The XM and Bam HI digested pCZRIII wos then loeded onto an agarose gd and the DNA band at about 
5.8 kb was isolated. Ptesmid pCZM2eS was produced by llgating the '-5.8 icb fragment of pCZRIH to en )^l to 
Ndei linker and a synthetic gene encoding EK-bovine growth hormone, which contains an Ndd site on its 9 end and 

89 a Bam HI site on its 3* end. The Xbal to Ndel sequence was produced using staridaid digonucieoilde eequenoe 
oddogy and consists of 1h following sequence: ^ 
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5' Cj,AGAGGGTATTAATAAT6TATATTGATTTTAATAAGGAGGAATAATCA 3' 

.'iiiiiiiitiiiiintMiiiiiMiiiitiiiiiiiiiiiii 

TCCCATAAnATTACATATAACTAAAATTATTCCTCCTTATTAGTAT S' 



[0206] The above sequence was constructed tqr chemical synthesis of Imth sirands, followed by mixing to allow 
hybridization. The gere encoding EK OQH was constructed trom 16 ctiemically synttieslzed pieces of slngie-stianded 
DNA, ranging ftam 71 to 83 nucleotides long, w^lich together comprise both comptamentaiy strar^ 
TTie synthesis was done using an Applied Biosystems (ABS) machine and consists of ttie fbliowing sequence: 



3' TATGTTCCCATT(»iATGATGATGATAACTTCCCAGCCATGTCCTT 
IlllllililllllllllilllililililllllliliHillll 
ACAAGGGTAACCIACTACTACIATTCAAGGGTCGGTACAGGAA 

GTCCCGCCTGmGCCAACGCTGTGCTCCGGGCTCAGCACCTGCiCltAGCTGGCT 

IIMIflllllHIIIIMllllIIIIIINIIIHIilllMIIIIIUIlllHIIII 
CAGGCC6GACAAACGGTTGCGACAC6AG6CCCGA6TCGT66ACGTAGICMCCGACGACT 

CACCTTCAAAGAGTTTGAGCGCACmCATCCCGGAGGGACAGAGATACTCCftTCCAGAA 

IIIIillilMiiMlllillllillliMlllllillMinitilllililltllMI 

GTGGAAGmCTCAAACTCGCGTGGATGTAGGGCCTCCCTGTCTCTAIGAGGTAOCTCn 
CACCCAGGTTGCCTTCTGCTItTtntiAAACCATCCCGGCCCCCACGGCCAAGAAm 

ItllllliliniltlilUlllliilillllillllllllDlllllllllIIKIIil 

CTGGGTCCAACGGAAGACGAAGAGACTTTGGTAGGGCCGGGGGTGCCCCTTCmCTCCG 
CCAGCAfiAAAICAGACnGGAGCTGCTTCGCATCTCACTGCTCCTCATCCAinre^^ 

iiniiiinNiiiiiiiiiiiitniiiiitiiiMMMHiiMfiiiiiiinii 

GGTCGTCTTTAGTCTGAACCTCGACGAAGCGTAGAGTGACGAGGAGUGGTCAGCACCGA 

TGCGCCCCTGCAGITCCTCAGCAGAGTCTTCACCAACAGCTTGGTGITrGGCACCTC 

riilllllllllilllllllillllllllllllllillilMlllllllllIllilllli 
ACCC6G66AC(m:AAGGA6TCGTCTCAGAACT66TT6TC6AACCACAAACCGT6CACCCT 

CCCTGTCTAT6AGAAGCTGAA6GACCTGGAGGAAGGCATCCTGGCCCT6ATGCGGGA6CT 

IIIIMllllllltlMIMIIIIDIIillllilllllMinMllltliniMIM 
GGCACAGATACTCTTCGACTTCCTGGACCTCCTTCCGTAGGACCGGGACTACGCCCTCQA 
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(XhAUTCOCACCCCCCGGGCT(i(KSCAGATCCT^ 

llllllllllllilillllliillltlltMMIlilMllllllHllfllllitnil 
cmctkccmcxiMGCccGACccff^ 

AMCATG<m(mCGAC(XXXrr(M:TC^ 

llllliillllliMi Ml 1)111 llllllltlillllltlMtllliniMlMlltl 

iiiiiiiniiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiKiiiiiiiiiiiiiiH 

CCTC6ACGTATTCTGCCTCTGCATG(»CTCCCACTACTTCAC66^ 

CAGCTGTCCCTTCTAG 3* 

llllNllliMMM 
GTCGACACGCAAGATCCTAG y 

[0207] Construction of plasmid pCZR126S was accofnpilshed by ligation of the following site components: 
ug of the 5.8 kb fragment obtained from plasmid pL110 after complete digestion with Xbal and partial digestion with 
Bam HI In a total volume of 2 ul, --0.18 ug of the synthetic gene encoding a bovine growth factor derivative which has 
a 5* temi^ni corresponding to a Xbal site and a 3* termini corresponding to a BamH I site in a total voiune of 2.5 ul, 8.75 
picomoles of the chemicaity synthesized }^\ to Ndel linlcer In 1 ul. Tlie piastnld componenta were added to 6 ul of 5x 
ligation buffer 250 mM Tris-HCI. 50 mM IWgCla. 5 mM ATP, 5 mM DTT. 25% vN pdy^hylene glycol 8,000, pH 7.6, 2 
ul of ligase, and 16.5 ul of H2O. The ligation mbcture was incubated overnight at 16**C. The drcuiarized plasmid 
pCZR1 26S was then used to translbmri E. coll RV308 cells in sitetanHalaccord with the method of Example 28A3. A 
restriction site and function map of plasmid pCZR126S is prasantsd In Figure 14 of the accompanying drawings. 

B. Construction of Human Prolnsuiln Expression Plasmid pRB172 

1, Construction of piasinMpRB145 

|020q The human prolnsuiln gene was first custom synthesized and cloned Into PUC1 8 plasmid (oommerdaiiy avail- 
able from BRL). The gene was synthesized using standard techniques and comprises the sequence: 
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Hiadlll Ndel Dralll 
5 • ' AGCTTCAT ' ATGTATTTTGTTAACCAACACCTGTGCGCCTCCCACCTG ' filGGAAGCTCT 
ACTA TACATAAAACAATTGGTTGIGGACACGCCGAGG6TGGAC CACCTTC6AGA 



GTACCtGGTGTGCGGTGAACGTGGCTTCTTCTACACCCCGAAGACCCGCCGTGAGGCA 
CATGGACCACAC6CCACTTGCACCGAAGAAGATGTGGGGCTTCT6GGCC6CACTCC6T 
Avail Xmal 
GAG ' GACCTGCA6GTGC6TCAGCT6GAGCT6GGCG6TGGC ' CCGGGTGCA6GCAGCCTGC 
CTC CTGGACGTCCACCCAGTCCACCTCGACCCGCCACCG GGCCCACCTCCGTCGGACG 

A6CC<KrrG6CCCTG6A(HK}nCCCT(XACAAGCGTG6CAnGT6GiU^CAAT(H^ 
TCGGCGACCGaJACCTGCCAAGGCUkCGTCTTCGCACCGTAACACCTTGnACGACATG 

BaaHI 

cagcatctgctccctgtaccagctggagaactactgcaactag'gatccg 3* 
gtc6tagacgagggacatggic6acctcttgatgaccttgatc ctaggcrraa| 5' 

EcoRI 



One of the dofws having the coTTBd sequence was selected for the preduelkm of OBSi 
plasmid was isolated tiy the standard procedure 



G6AAGATGGCACCCCCCGG6CTC(KK:AGATCCTCAAGCAGACCTAT<MCAAATTT6ACAC 

tiiiiiiiiiiniiMiiiiiiiiiiiiMiiiiiiiiiiiiiiiniiMiinitii 

CCTTCTACCGTG<aa«;CCCCGACCC(mrrAC(^CTTCCTCT«^TACTOTTTAAACTOTC 
AAACATGCGCACTGACGACGCGCTGCTCAAGAACTACGGTCTGCTCTCCTGCTTCCGGAA 

iiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiMiiiMiiii 

ttrgtacgcgtcactgctgcgcgaccagtrcttgatgccagacgagaggacqaacgcctt 

ggacctgcataagacggagacgtacctgaggctcaigaagtgccgccgcttcggggaggc 
illlllllllilillliiniMIIMItlliillllllllllllllltlllMIMHI 

CCTGGAC6TATTCT6CCTCTGCATGGACTCCCA6TACTTCACG6C6GCGAA6CCCCTCC6 
CAGCTGTGCCTTCTAO 3' 

llMlllllllllll) 

CTCGACACGGAAGATCCTAG 5' 



[0209] Constiuction of plasinM pCZR126S was accomplished liy ligation of the following site components: -0^ 
ug of Itw S.8 kb ftagment obtained ftam plasmid pL110 after complete digestion with Xt>al and partial digestion with 
Bam HI In a total volume of 2 ul. ~0.18 ug of the synth^ gene encoding a bovine growth factor derivative which has 
a 9 termini corresponding to a Xbal site and a 3^ termini corresponding to a BamH I site in a total vdians of 2.5 ul, 8.75 
picomotes of the chemicBlly synthesized Xbal to Ndel linker in 1 ul. The plasmid oomponents were added to 6 ul of 5x 
ligation buffer 250 mM Trts-HCi, 50 mM MgOj, 5 mM ATP, 5 mM DTT, 25% vAr polyethylene glycol 8,000, pH 7.6. 2 
ul of ligase, and 18.5 ul of H2O. The ligation mixture was incul»ted overnight at 16*C. The dreularlzed plasmU 
pCaR126S was then used to translbimE. coll ftV308ceto in substantial accord with fteinetiod of Example 2aA3. A 
restriction site and function map of plasmid pCZR1268 is presented in Figure 14 of the aooompanying dmMrings. [see. 
Ibrexampie. Molecular Qonina. A Ldboratoiv Manual. (1982) ed. by Manlatis, i; Fiitaeh. E.F. and Sambreok. J.. Cold 
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Spring Hartwur Laboratory Publications. New York the entire teaching of which is herein incorporated by reference]. 
About 6 ^1 (20 |ig) of this plasnti DIMA was added to 20 mJ of 10X hUei buffer (150 mm NaCI. 10 mM Tris-HCi (pH 7.8), 
6 mM MgCisp 6 mM 2-mercaptoethanol. 100 ^g^nl BSA), 5 |i] Ndel resfaicti n enzyme (-40 units) and 169 ^1 1^. 
After mixing, the reaction was incubated art 37^C for 2 hours. TTie Dl^ was predpttated by maldng the mix 0.3 M 

9 NaOAc, adding three volumes of ethanol, mixing and chilling to -70''C and centrtfuging. The DNA pellet was washed 
with 70% ethanol (1 ml), dried and dissohrad in 20 ul of IPX BamHI buffer (150 mm NaCi. 6 mH^ Trie-HQ (pH 7.9). 6 
mM MgCt2. 100 ^/ml BSA), 2 ^i of BamHI restriction enzyme (40 units) and 178 Ml H2O. After gentle mixing, the 
reaction was Incubated at 3T*C for 2 hours. The DNA was again preclpiated with three voliffnee of ethanol as above 
and electrophoresed on a 1% low melting agarose gel (FMC, sea plaque agarose). The desired DNA fragment corre- 

10 spending to about 270 bp was sliced from the gel and then DNA was recovered by melting the agarose and passing 
through an Elutlp-d column (ScN^cher & Schuell, Keene, N.H.) according to the procedure recommended by the 
vendor. After precipitation and diying, the DNA was stored in 30 ^1 of 10 mM Tris-HCl pH 8.0. 

[0210] About 15 pg of piasmid pCZR126S (ftam Example 29A12) was suspended in 20 pil of 10X Ndei buffer, 5 pii 
of Ndel restriction enzyme (40 units) and HijO (175 ^l), gently mixed and Incubated at 37^C for 2 hours. After the 

15 Incubation, the DNA was precipitated wfth three volumes of Chanel as above, dried and then resuspended in 20 ^1 of 
IPX BamH I buffer, 2 ^ of BamH I restriction enzyme (40 units) and 178 ^ water. After gentle mixing, the reaction wwas 
incubated at 37^C for 2 hours. The DNA was again precipitated with three volumes of ethanol and electrophoreses on 
a 1 % low^nelling agarose gel. TTie larger fragment corresponding to the vector DNA was siloed from this gel and the 
DNA was recovered by the Eiutip-d column procedure as described above. After predpitetlon arxj drying the vector 

20 DNA was stored in 35 ^i erf 10 mm Tris-HQ pH 8.0. 

[021 1] About 2.5 Ml of the vector DNA was mbced with 1 2 |il of the purified Human Insulin gene fragment from above, 
4|Jori0mlMATP.0.5}JoriMdlthio1hrBitDl.5|dof10Xiiga8ebufrbr(500mM^^ pH 7.6, and 100 mM MgCIa), 
26 ^ of water and 0.5 pi of T4-DNA Ugase (Pharmacia, 3.6 units). The reaction was incubated aft 4<*C Ibr 16 houre. 
The ligated mixture was diluted with 50 ^i of 10 mM Tris-HO (pH 7.6) and 3 ^i of 1 M CaCtj and then subsequently 

28 transformed Into E. coll K1 2 RV308 in substantial acoordance with the teaching of Example 28A3. The ceils were plated 
on TY plates supplemented with 5 iig^mi tetracycline then incii)ated overnight at ZTC. 

[0212] Rasmids f^ 3 mL cultures were teolated from tetracycline resistant colonies by the rapid allcaline extraction 
procedure described in IMoiecular Cloning, A Laboratory Manual (1 982) ed. by Maniatis, T. , Fritschp E.F., and Sambrook, 
J. Cold Spring Harbour publications, New York, (page 368-369). The presence of the correct human proinsufln gene 
30 fragment was found by minlscreen prooedure using potyaciyiamide gel eiectrophoresis to analyze the Xba l /BamH I 
digested fragment Those plramkls with the correct size (about 315 bp) inserts were selected for amplification and 
purification. The piasmki containing the human prolnsuBn gene was pRB145. A restriction site and function map of 
piasmid pRB145 Is presented in Rgure 16 of the aooompanying drawings. 

39 2. Constrection of piasmid pi^164A 

[0213] About 30 pg of piasmid pRB145 was suspended in 20 pJ of 10X Ndel buffer, 6 ^ of l^dei restrtctton enzyme 
(New England Bldabs. 40 units), and 175 pi HjO gently iitod and lncul>ated at 3rCfbr 1 hour. l^Mo tU of BamHI 
rsstridton enzyme (New England Blolabs, 40 units) %m then added to the reaction mbdure and the incubation at 37°C 

40 was continued for another 2 hours. Tlie DNA was precipitated with three volumea of ethanol and 0.3M NaOAc and 
electrophoresed on a 1% ksw metting agarose gel. The smaller (about 270 bp) NdeUBam HI restrictton foment en- 
co(fing the human prolnsirfin gene was sliced from the gel and the DNA was recovered by passing through an Elutik>- 
d column as described prevtously. After predpltatkxi and drying, the DNA was stored In 30 pi of 10 mM Tris pH 8.0. 
[0214] To this DNA (30 was then added 20 pi of 10X Avali buffer (50 mM NaO, 6 mM Tris-Hd, pH 8.0, 1 0 mM 

45 MgOz, 6 mM 2-mercaptoethanoi, 100 pg/M BSA), 5 pi of ^11 restrictton enzyme (New England Bldabs, 20 units), 
and 1 76 pJ of H2O. Afler gently mbdng, this reaction was Incubated at 37^C fbr 2 houre. The DNA was predpttated wtlh 
three volumes of ethanol and 3M NaOAc (20 pi) and then eiectrophoresed on a 1.2% low melting agarose gel. The 
ia>ger Avaii /Bam HI restriction fragment (about 156 t)p) was sBced from ttie gel and then DNA was recovered by passing 
through an Elutip-d column as described above. After predpitaflon and diying, the DNA was stored in 30 pl of 10 mM 

so tris pH 8.0. 

[021 5] The DNA (^^11 5 bp) corresponding to the Ndei/Avall restriction fragment of hivnan proinsuHn gene was syn- 
theticaly prepared. The firat step consisted of synthesis of Ibur single stranded deoxyriboolgonucleotides by the DNA 
synthesizer (ApplM Blosystems, model 380B). The nucleotide sequences of these four ollgonudeotides are 

w 1. 
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TATGCGTATCriTGTTAACCAACACCTGTGCCXKr^ 
6TGGAAGCTCTGTACCT (60 mer) 

2. 

GCTGnXXrCGIGAACGIGCXnrrCT^ 
0GCCGIGAGGCAGA6 (55 mer) 

3. 

CACCJUX^AOU3AGCTTCCAC«AGGXG^^ 
GCACAGGlXSraoOITAACAAACATACGCA (62 mer) 

4. 

GTCCTCT6CCTCACGGCGGGTCGGCTTGGTGTACAA 
GAAGCCACGITCACCGCA (54 mer) 

[0210] After purifying each oBgonucleotide by polysGrylamlde gel electrophoresis, oligonucleotides two and three 
wBfQ phosphorylated according to the teaching of Brown. E.L., Belagafe, R., Ryan. M J., and Khofana. H.G. (1979) 
Methods tn Enzymology, Ed. by Wu, R., Academic Press, N.V. 68. 109-151 the entire teaching of which is herein 
incorporated by reference. The pho^>horytated oligonucleofkies two and three (~715 pmoles of each) were then mixed 
with oiigomideolfcles one and two (-860 pmoles), annealed and ilgated in a buffer (200 ^) containing 60 mM Tris-HCI 
(pH 7.6). 10 mM MgCls. 10 mM OTT, 50 |iM ATP and 20 units of T4 DMA iigase (Phamiacia) for 1 6 hours at 4»C. The 
ligation product was purified on a 15% polyacrylamlde gel. The DlsiAwro recovered from the gel sOce electrophoredcally 
followed by desalting on a Sephadex 0-50 column. The yield of the desired ilgated product was 485 pmoles. 
[0217] About 100 pmoles of this DNA were phosphorylated In a buffer (50 pO containing 60^^ 10 
mM MgCiz. 10 mM DTT end ATP, as described in Brown. E.L e( el.. (1979). Methods in Enzymology 68. 10&-151 the 
teaching of which is herein Incofporaled by refisrenoa. After fiftrallon through a column of Sephadex G^, the DNA. 
was stored in 50 ^l of 10 mM Trie, pH 8.0. 

[02iq About 2.5 pi of the vector ONA (Ndel-BamHI digested pCZR126S) was ntixed with 18 pi of Avaii/BamHI 
restrlcdon llragment ftom plasmki pRB 146 and 10 ^1 (1 0 pmoles) Ndei/Avali synthetic llnlcer Just oonstnjcted ki a buffer 
(50pQGonlainlng50mMT>1s(pH7.e). lOmMMgCij. 10mMDTT.800pl ATPandd.5unil8orT4DISiAlig88aThe 
reaction was incubated at 4°C overnight and then transformed into E. ooliKI 2 RV308 in acoordance with the procedure 
of Example 29A3. The desired transformant E. coH K12 FlVSOS/pRBI 64A was identified by analysis of its plasmid DNA. 
The proper Iransfonnant was grown at 30°C in Vf media containing 5 pg/mi tetracycline to an 0.0.550 ^ 
(eaily log phase) and then shifted to 42*>Ctbr 3 to 3.5 hours to induce the synthesis of the hu^ proinsulln.TheceOs 
were pelleted and lysed by the addition of sample buffer (0.125 M Tris-HCI (pH 6.8), 2% SOS. 30% glycerol, 1M 
2-merc a pt o ethanoi , 6M urea). Samples were heated to 9T>C for 2 minutes prior to loading on en acrylemide gel. Bands 
were easily vlsuafized by staining with Cooma ssl e Brilliant Blue dye. A scanning gel densttometerwas used to quantttate 
the pmsntages of oeO protein. A restriction site and ftincdon map of ptaamkJ prai04A is presented In Rgure 17 of 
the aocompanying drawings. 
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3. CoTOtnjcllon of ptosmid pRB172 

[02iq About 25 of pbsmid pRB145 was suspended in 15 of 10X Dralll buflisr (200 mM NbO, 50 mM Trfs-Hd 
(pH 7.5), 10 mM MgCl2, 1 mM DTT, 10 ug/ml BSA) 6 pi of Dralll restriction enzyme (Boehrlnger Mannheim, 27 units) 

9 and 129 ^1 of H2O, gentty mixed and Incubated at 3T*C for 8 hours. After the incubationp the DIMA was predpitated, 
dried and resuspended in 10 ^1 of 1QX )^l buffer (150 mM HaO, 6 mM Trie+ia pH 7.9, 6 mM MgClj, 7 mM 2 
merceptoethanol, 100 ^g/ml BSA), 3 ^ ofXbal restriction enzyme (Boehringer Mannheim, 36 units) and 77 ^ of H2O. 
Ihe reaction was gently mixed and incubated at 37"C tbr 4 hours. TTie DMA was again precipitated with three volumes 
of ethanoi and NaOAc and eiectrophoresed on a 1% iow melting agarose gei. Ihe lower band conesponding to the 

10 about 85 bp Xbal/Draiil restriction foment of human proinsuiln gene was sliced fh>m the gel and the DNA was re- 
covered by the Elutip-d column procedure. After precipitation and drying, the ONA was stored in 30 mI of 1 0 mM Trie 
pH 8.0. 

[022Cq About 16 Mg of plasmid pRB164A was cut with the restriction enzyme Dralll and Xbai In accoidancs with the 
procedure described above. The upper band corre sp onding to the Xba l/DraiH vector firagment was isolated from the 
15 agarose gel by the Elutip-d column procedure. After precipitation and drying, the DNA was stored in 30 ^i of 10 mM 
Trie pH 8.0. 

[0221] About 5 of the Xbal/Dra lll digested pfW164A vector DNA was mixed with S }iJ of the Xbal/Draill restriction 
foment IhKn plasnM pBR146 In a buffer (SO mO containing GO mM T]rta41CI (pH 7.6), 10 mM MgCls. 10 mM DTT, 800 
\iM ATP and 8 urdts of T4 ONA llgase. The reaction was Incubated at 4^C overnight and used to tian s fa r m E. ogll 

20 K12/RV308 cells made competent by e standard CBCf2 treatment. 

[0222] Transfbrmants were selected on TY agar plates containing 5 ^igAnl tetracycline. Plasmids were isolated from 
tetracycline resistant colonies by the rapid alkaline extraction procedure and analyzed by digestion with Xbal and 
Bam HI restriction endonudeases. DNA from positive denes was sequenced using the sequenase system (U.S. Bio- 
chemicals). Those plasmids with the correcl desired sequence were selected for amplification and purification, in this 

25 manner, the E. rail K12 FeV308/plRB172 transfbrmant was Isolated. Expression and eccumulation of human prokisulin 
hartsoring this plasmid was analyzed by visualization of the total celuiar protein following eiectrophoretic s^>aration 
in a 15% potyacyiamide matrix. A restriction site and fiindion map of plasmid pFEB172 is presented in Figure 18 of the 
accompanying drawings. 

30 C. Construction of Escherichia coll IW308/pl^173 and pRB174 

[0223] About 20 pig of plasmid pRB172 or pRB145 was suspended In 20 ^1 of 10X)^I buffer (150 mm NaCI, 6 mM 
Tris-HCI, pH 7.9, 6 mM MgCIs, 7 mM 2-mercaptoethanoi, 100 |igMil BS^ 2 ^i of )^i restriction enzyme (Boehringer 
Mannheim, 24 units) was added, gently mixed end incubated at 37"C for 4 hours. After the Incubation, the DNA was 

35 piBdpitBtBd, dried vid resuspended in 10 )il of 1QX BamH I buffer (100 mM NaO, 10 mM Trie-HCl (pH 8.0), 5 mM 
MgCl2» 1 mM 2-mercafitDeihanol, 100 iigAnl BS/^, 5 pi of Bam HI restriction enzyme Boehringer IManhelm (40 units) 
^ 76 (ii of H2O. The reaction was gently mbied and Incubated at 37^C for 4 hours. The DNA was again predpitated 
with ethand and NaOAc and eiectrophoresed on a 1%lowmelt]ng agarose gei. The about 320 bp Xbal/BamH i restric- 
tion fragment conesponding to the human proinsuin gene was Isolated from the gel by the Elutl|Hl odumn procedure. 

40 After predpltation ml drying, the DNA was resuspended in 20 pJ of lOXXmal buffer (25 mM NaO, 10 mM Tri»>Ha 
(pH 7.5), 10 mM iy|gCl2, 10 mM 2-mercaptD6thanol, 100 |ig/ml BSA), 10 pJ of Xmal restriction enzyme (New England 
Blolabs 10 units) and 170 ^1 of water. The reaction was gently mixed and incubated at 3T'C for 4 houre. After the 
incubation, the DNA was prWipitatedwIlhethand and NaOAc and eiectrophoresed one 1% lowmeHIng agaroragel. 
The larger DNA corresponding to the about 200 bp Xba l /Xma l restriction fragment was siloed from the gel arxi the 

4$ DNA was recovered by the Elutlp<J column as described before. The DNA was stored In 30^ of 10 mM Trie pH 8.0. 
[022q The 51 bp DNA oorresixKNlIng to an Xma l /BamH l restriction figment of human pioinsulin gene was con- 
stnided synthetically as fellowe. TVfo single stranded deoxyribodlgonudeotides: 

S0 CCG6(;T(»:A(»CAGCCT(K:A6CCGCTGGCCCTGGAGGGm (51 oer) 

and 

ss (2ATCCTACT0CAC66AACCCTCCA6(HX:CAGC(HK:T6CAG(Xr^ mer) 

were synthesized on an applied Biosystems DNA Synthesizer (model 380B) and purified by polyacylamlde gel eleo^ 
trophoresls In presence of 7 M urea. After isolation, th two dlgonudeotldea were phosphorylated according to the 
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(eacMngs from Brown, E.L, Betegcj , R., Ryan, MJ., and Khorana, H.G. (1979) Methods in Enzymoiogy, Ed. by Wb, 
R., Academic Press, N.Y. 68, 109-151, and annealed to form the desired linker. 

[022q About 10 of ptasmid pCZR126S (from Example 29A12) was suspended in 20 ^ of 10X )^i buffer (150 
mM NaQ, 6 mM TrIs-HCI (pH 7.9). 6 mM MgClj, 7 mM 2-mercaptD0lhanol, 100 ^ig/ml BSA) 2 pi cf Xbal rBStrlcfion 
enzyme (Boehrlnger Mannheim, 24 units) and 178 yd of water. The reaction was gently mbced and incubated at 37^C 
lor 2 hours. After this incubation. 4 }il of 5M NaCI and 2 of BamH I rsstridion enzyme (New England Biolabs. 20 
units) were added, and the incubation was continued for another 2 hoin at 37**C. The DNA was then precipitated with 
ethanol and NaOAc by the standard procedure and electrophoresed on a 1% low melting agan^ 
corresponding to Xba l /Bam HI vector DNA was isoiatsd with a Etutip-d column. After precipitation and (frying, the DNA 
was stored in 30 ^l of 10 mM Tris, pl^ 8.0. 

[02^ About 5 ^1 of the Xbal/BamHI-dlaested pCZRI 26S vector DNA was mixed with 10 of the Xbal/Xmai lestrio- 
tion fragment from pRB145 or pRB172 and 4 |J of the Kinased Xrol/BamHI linlcer prepared above in a buffer (50 
containing 50 THs (pH 7.6), 10 mM MgCIs, 10 mM DTT, 800 fiM ATP and 6 units of T4 DNA Ogase. The reacUon 
was hcubated at 4''C overnight and used to transform E. ^ K12 RV308 strain in accordance with the procedure of 
Example 28A3. The desired transfennantB, E. coti K12 RV308/pRB173 (if made from the pRfi172 vector fragment) 
and E. OTji K12 RV3Q8/pRB1 74 (if made from the pRB145 vector fragment) were identiffed by analysis of their plasmid 
DNA and protein production before and after Induction at 42^(X A restriction site and fk^on map of plasmid plRB173 
is presented In Figure 19 of the accompanying drawings. 

[0227] About 200 ng of ptasmkJ DNA from the minl-prep were also transformed Into E. 0^ L.201 cells and the Irans- 
fbmiants were selected on 2 x TY agar plates containing 15 ^g/ml tetrecydlne. The protekis expressed by the trens- 
formants were analyzed and the desired transfbnnants were confirmed by their production cf human prolnsulln. in this 
matter. E. ^ L201/pRB173 and E. rail L201/pFtB174 were isolated. 

D. Construction of Eaeharichij | g ffl K12 RV30a/pRB175, pRB176. pRB177 and pRB178 

[0228] About 12 ^ of plasmid pRB172 was suspended in 15 \i} of 10X Ndei bufbr (100 mM NaO, 50 mM TrIs-HCI 
(pH 7.5), 10 mM MgCIs, 1 mM DTT, 100 pgtm\ BSA), 2.5 |iJ of Ndel restriction enzyme (20 units) and 133 \»1 of water. 
The reaction was gently mixed and Incubated at 37°C overnight. After the Incubation, the DNA was predpitatBd with 
ethanoi and isJaOAc by the standard procedure, dried and resuspended in 15 |U off 10X Oialll buffer (50 mM Tris-HCI 
(pH 7.5). 200 mM NaCI. 10 mM MgCl^. 1 mM DTT) 5 ^ of^til restriction enzyme (20 uryts) and 130 Ml of HjO. After 
gently mixing, the reaction was incubated at 37^0 overnight. The Dh4A w^ again precipitated wtth ethanoi and NaOAc 
as above and electrophoresed on a 1% low melting agarose. The desired larger restriction fragment was sliced fhom 
the gel and the DNA was recovered by the Elutip-d column procedure. The DNA was stored In 30 [il of 10 mMTVIsHCI 
pH8.0. 

P)22q The fbOowhig DNA linksre were chemically synthesized bf the Applied Biosystems DNA Syiillie sU ar (model 
3808): 

(i) 

5 ' TATGTACGACCAACACCT6T6C66CTCCCATCT6 3 * 

3' ACATGCnrCGrnrrcGACACGCCCAGGGTA S* for pRB17S 



(») 



5* TATGTACGAC(nTAACCAACACCTGTGC6aTCCCATCTG 3' 

3* ACAT6CTGCAAnGGTTGTG(MCACGCC(MGGGTA 5* for pliB17$ 
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5' 
3* 



TAT6TATAACCAACACCTGTGC6GCTCCCATCT0 
ACATATTGCrrGTOOACACGCCGAGGGTA 



3' 
5' 



for pIiB177 



5' 
3* 



TATGTAC6TTAACCAACACCTCTGCG0CTCCCATCTG 
ACAT6CAATTG6TTGTGGACAC6CCCAGGGTA 



3' 
5* 



for p8B178 



[029Q] After purifying aachoOgonudeotide by polyacrylamide gel elactrophoreBi8,1^ 

ing to the teachings mentiored pteviously and annealed In orderto iBcKtate the DgaDon and oonstrudion of the human 
proinsuiln gene analog-encoding DNA ItBgments. The llnkere (0 to (Iv) were used to constnjd the plasmids pRB17S, 
pRB176, pRB^T7 and pRB178 respectively. 

[0231] AboutSiJ of the Ndel/DfBl ll-dlqe«t8dprei72 vector DNA ftaflfnenl was mixed 

■Qnased linkers (l-iv) In a bufliar (SO |il} oonlaining SO yM IHs-Ha (pH 7.6), 10 mM MgCl2. 10 mM DTT. 800 ||M ATP 
and 6 units of T^ DNA llgase. The reaction was incubated at overnight and this mixture was used to Iransfomt E. 
coil K12 RV308 cells In accordance with the procedure of Example 29A3. The desired transfonnants, E. coll K12 
RV30B/^i«175, E. coli K12 f^V308/t>RB176, E. coli RV308/pRB177 and E. coli K12 RV30a/^RB178 were Identified 
byoialyslsof theirpiasmid OlsiA and protein production before and after Induction of the eels at 42"C. A restriction 
site and tuncOon map of plasmid pRBITS is prasented in Figure 20 of the accompanying drawings. 
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Table I; Human Proinsttlia Analogs 



Analog Plaanid 1 Protein 

Met-T3rr*Human Proinsulin (HPI) pRB145 11.3 

Met-Arg-Het-{I.y8(B28) ,Pro(B29)HPI] pRBl64A 10.5 

Met-iyr-lLys(B28),Pro(B29)HPII pRB172 7.3 

Met-Tyr(Lya(B28),Pro(B29)B-cbaln)^J* pKB173 ND 

Met-Tyr* IB-chain J -Q* pfUll74 ND 

Met-Tyr- [Des (Bl) ,Defl (B2) »Aap(B3) , pRB175 8.5 

Lys(B2B),Pro(B29)RPI) 

Met-Tyr- [AspCBl} .Lys (B28) , pRB176 9 . 3 

Pro(B29}HPI] 

lfet-iyr-{Dea(Bl)»Des(B2)»Ly8(B28), pRBI77 9.4 
Pro(B29)HPII 

Met-Tyr*[I}es(Bl),Ly8(B28) , pRB178 8.5 
Pro(B29)HPI) 



*Q - -Arg-Atg-Gln-Ala-Glu*Aap-Leu-Cln-Val-Gly-Cln-Val-Glu- 
leu-Gly-Gly-Gly-Pro-Gly-Ala-Gly-Scr-Leu-Gln-Pro-Leti* 
Ala-Leu-Gltt-Cly-Ser-Leu-Gln- ; 



E. A stock cutture of E. coH K12 RV308/pRB172 was formed into a permanent stock cutture in the foikywing manner. 

[0232] Isolated cotonies are spotted on the fblkiwing phenotype platBs: L-agar * 5 mog JM. lb (teliBcydbie)» L-agar 
+ Sm (atreptofnydn sulfate), M-8 medium agar (a salt tiased medium containing MgSO^, thiamine, HYCASE, and 
glucose), and M-9 medium agar without glucose and wtth lactose. One L-agar/Tc plate is incut)ated at 42"C, and the 
remaining plates are incubated at 30"C for 24 hours. A phenotypically correct colony selected from the 30^C L-egarf 
lb plate is used to inoculate a flask containing 50 ml. L-broth (contains tryptone. yeast extract, NaCI, and glucose) pkis 
5 mogTmi. lb medium. Ihe flask is incubated at 30^ with shaking for 7 hours. The material in the flask (1.2 mi.) Is 
dispenaed Into bto-fteaze vtala and Itaossn In vapor-phase liquM nitrogen. The material then la thawed, and 1 ml. is 
used to Inocuiate a flask containing 60 ml. of L-broth pius 5 mcgyml. lb. The flask is Incubated at 30*^C with shaking 
for 4 hours. Tm flasks containing 500 mi. of BG-7 medium (contains MgS04, thiamine, glucose, lb. and trace salts) 
are Inoculated with 1 ml. each from the foregoing, and the flasks are Incubated wtth shaking for 9 hours at 30*0. 
[0233] A 150-lltBr famienter containing 80 Oters of medium (contains citric ackl, fenous ammonium sutfote, IV^P04, 
m^fiH, NaH2P04, C^CIs, MgS04, glucose, and trace inorgante salts) Is inoculated with 1 liter of the BO-7 medium 
broth fiPom above. The formenter is operated at 30^C until the carbon dtaxideevohitkyi rate reaches iX)mM/LAnln. AS 
that point, 50 liteis of broth are transfierTed to the productfon formenterto provUe the eel Inoculum. 
[0234] A 2500-liter fonnenter containino 1 500 liters of the same medium used in the 150-iiter fisrmenfor is operated 
at 30°C until the carbon dioxide evolutton rate reaches 1.0 mM/UMi, and then the temperature Is raised to 40C. 
Operatton Is continued for an additional 8 hours. The broth is then heat inactivated at 61^ for 7 minutes. The foiiowlng 
ytoU data were obtained from the heat Inactivated broth: Cell Yield, 13.1 grems/L dry weight; Product Potency, 273 
meg. Des-fbrmyiataM. of broth; Specific Activity ( .g. ^am produd/gram of cell). 2.1 peroant; Peroent Formyistod 
Product 13 percent 
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JfmSl Femwtaiion broth Is transfsr^ 

2? and B'C. The whole broth Is then oentiifuged or fittered to cofled the E. oojl cells such that a solids dry weight of 
approximatety 15 to 20 percent is obtained. The collected cell solids are raslunied in process water. The cdls are then 
disnjpted using high pressure homogenlzation or other suitable methods to achieve lysis of 90 to 99 percent of the 
ceils. The homogenized siurry is diluted to 5 percent dry weight with procees water. Th pH of the diluted dterupted 
ceil slurry is adjusted to between pH 7 and 10 by adding sodium hydroxide. The Inclusion bodies (granules) aiB sep- 
arated from the ceil debrts by differential centrifugation. The resulting concentrate Is from 15 to 20 percent solids. 
[0236] The Inclusion bodies are solubllized at alkaOne pH in the presence of cysteine and urea. These soiubillzed 
granules are subjected to cation exchange chromatography on SP Sepharose-superllow in order to resolve the mbced 
disullide form of the proinsuin analog from the bullc of granular material. 

[0237] The melhionyi-lyrosine esdension of the amino terminus of the proinsulin analog Is removed by incutwtlon 
with cathepsin C, a dipepUdylaminopeptktese. The cathepsin cleavage reaction Is terminated by suHltolysis with po- 
tassium tatrathlonate and cysteine at pH 6.8. Folowing 80ivent-«xchange across Sephadex 0-25, the resulting & 
sulphonatB of the proinsulin analog is allowed to Ibid by incubation at pH 10.6 in the presence of cysteine. The folding 
process is quenched by adjusting the pH to 2.4. Properly folded proinsulin analog is resolved from improperly folded 
material as well as contaminants remaining from the cathepsin C deavage step by hydrophobic interaction chroma- 
tography on SP20SS rssin. This separation ooours across an acetone gradlerit so the organic sot^^ 
from the mainstream pool by evaporation belbreftjrther processing. 

[0238] Following ^/aporatlon of the organic solvenit, properly folded proinsulki analog is Incubated with trypsin and 
cartxDcypeptldase B. These enzymes excise the C peptide of the pn>insulin analog and generate Lys(B28), Pro(B29} 
human insulin. The insulin analog is then further purified by cation exchange chromatography on S-Sepharose followed 
by high peifbmianoe reverse phase chroinatography on a 10 ^ 08 resin. Aoetonltille is removed from the reverse 
phase mainstream by solvent exchange across Sephactex G-25 and the resulting materlai is concentrated using a 
spiral wound uitreffltratlon system. Concentrated material is sutjecied to size exclusion chromatography on Sephadex 
Q-50 resin and iyophillzed to dryness. 

[023q in Table II foiiowing ara provided the amino add analyses of compounds of the fbrsgolng examples. 
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[0244g The physiologicai effects of the insulin ansloge of the present Invention were shown In the following In vtvo 
essey system. 

[0241] Normd male Sprague Dawley rats from the Cheries River Laboratories (Portage, Ml) wm used as test an- 
imals. Ttiey were otstained at a weight range of 160-180 gms and malntBlned Ibr one week In animal rooms at 75"F 
with a oontTDiled ligtrt cyde (llghta on 7:00 a.m. • 7KX) p.m., Dghts ofT7:00 |xm. • 7:00 a jn.) TTie animab were fed Purina 
rat chow 5001 ad libitum. Rets used tor each assay were fasted lor 16 hours before being used. They weighed ebout 
200 gms when first used. On reaching a fasted weight of about 275 gm (over a perlcxi of three weeks), the animals 
were no longer used. One group often male rats wn used each day Ibr each compound tested blosynthetk: 
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human insulin, poicine insulin and human insulin analoo). Each group was used only onoa during the weelc. The tan 
rats were divided Into two groups of five rats each. One group served as control and was given vehicle alone subcu- 
taneously. The other group of five rats was given th compound to be tested. The proteins were dissolved In 0.05N 
HCI (plH 1 .6) to provide a stodc solution of 100 |igm per ml. From this, a number of dliutlons were made in nonnal saline 

9 which was Injected subcutaneously Into the rats. A 100^1 sample of t>iood was talcen from the tal vein of each rat at 
zero time and 30 minutes, 1 hour, 2 hours, 3 hours and 4 hours after administration. Glucose was determined odori- 
melrlcaily by a glucose oxidase method (Sigma Chemical Co.)- The percent change in blood glucose fixmi the zero 
time value was calculated for each rat and the final results were expressed as the mean percent change ± SEM In the 
experimental group corrected for the mean change in Ihe control groi^ for that da>c 

10 [0242] A dose-response curve was drawn from tests with 4 to 7 different oonoentrations of the compound tested 
using the maximai response at a given time (usually one or two hours after adminlstFatlon of the protein). From this 
curve an ED50 value was determined as that subcutaneous dose (^g/kg) of the protein which gave half the maximal 
hypoglycemic response. The results are shown in l^ble III foBcwIng. 



T^ble ilia 



Compound 


Maxknum Effect (%) 




Biological Adivfty ° 


Human insufln (Htf 


66 


7.95 


100 


Porcine Insulin 


60 


7.70 


103 


Ly8(B28),Pro(B29)HI 


66 


6A 


117 


Ala(B28).Pro(B29)Hi 


71 


15.0 


53 


A8p(B28).Pro(B29)Hi 


64 


10.2 


78 


Asp(B10),Ly8(B28), Pro(B29)HI 


53 


10.7 


74 


Gln(B28).Pro(B29)Hi 


69 


6.6 


120 


Gly(B28).Pro(B29)Hi 


58 


105 


76 


Met(B28).Pro(B29)Hi 


51 


14.6 


54 


Nie(B28).Pro(B29)Hi 


54 


7.0 


114 


Om(B28).Pro{B29)Hi 


60 


12.7 


83 


Pro(B29}HI 


83 


8.7 


91 


Phe(B28),Pro(B29)Hl 


57 


9.7 


82 


VBKB28),Pro(B29)HI 


53 


8.7 


91 



* Al values xhovm rel^ to bhnd MVlM Woen one hoir ate 
^ BQMStMd In Mpv^^i^ Bubou t i no o us 



90 ^RfiMlvetD human imuai 

^ Btosj^nthaOD human knulln 

[0243] As noted prsvioualy, the InsJin analogs of the present Invention have a reduced propensity to dmerize or 
otherwise setf-^ssociate to higher moiecuiar weight fomns. Thus, upon administration of one or mora of said analogs, 

40 a rapid onset of activity Is achieved. The insufln analogs of the pres^ invention ere effiective in treating hyperglycemia 
by aMnlstering to a patient In need thereof an effwtlve amount of an insUin analog of fb^ I. As used herein the 
term "effediva amount" refers to that amount of one or more insulin analogs of the prseent Invention needed to lower 
or maintain blood sugar levels either therapeulJcaily or prophytacticaily. This amount typically may range frm dbo\A 
10 units upto atxxjt 60 units or more per day (or about 0.3 to about 2 mg assuming approodmateiy 29 units per mg). 

40 However, It is to be understood that the amount of the Insulin anaiog(s) actualty administered will be delemiined by a 
physician In light of the relevant drcumslanoes Indudbig the condition being treated (I .a., the cause of the hyperglyop 
emia) the particular analog to be adrnfrilstered, the chosen parenteral route of administration, the age, weight and 
response of the imflvldual patient and the severity cfthepatienrs symptoms. Thersfora, the above dosage ranges are 
not intended to limit the scope of the invention in any manner. 

90 [0244] The insulin analogs of the invention are administered to a patient in need thereof (i.e., a patient suftorlng from 
hyperglycemia) by means of pharmaoeutical compositions containing an effiective amount of at least one insulin analog 
of fbrmuia I in combination with one or more pharmaceuticaliy acceptable exdplenta or carrlere. For these purposes, 
the pharmaceutical compositions may typically be formulated so as to contain about 1(X) units per ml or similar con- 
centreUons containing an effective amount of the bisufln anaiog(s). These compositions are typically, though not neo> 

ss essarily, parenteral in nature and may be prepared by any of a variety of techniques using conventional exdpients or 
caiTiere fbr parenteral products vrtiich are well lax)wn in the art See, for example. Remington^ Ptiarmaceuticai Sd- 
ences, 17th Eitfion, Mack Pubiishhg Company, Easton, PA, USA (1965) which b incoiporated herein by reference. 
For example, dosage fomns for parenteral admlrMFation may be prepared by suspending or dissolving the desired 
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amount of at least one insulin analog of formula I in a nontasdcDquid vehicle suitabi for Injection such as an aqueous 
medium and sterilizing Ihe suspension or solution. Altemalively, a measured amount of the compound may b placed 
in a vial and the vial and its contents sten'Czed and seated. An accompanying viaJorvehide can be pmvided for purposes 
of mbdng prior to administration. Phamiaceutical compositions a<tapted for parenterai administration employ diluents, 
exdpi nts and camers such as water and water-miscibi otganlc solvents such as glyoerin, sesame oil, groundnut oil, 
aqueous propylene glyod, N.N'-dimethylformamlde and the iiice. Examples of such pharmaceuticai compositions In- 
clude sterile. Isotonic, aqueous salne solutions of the insulin analogs of formula I which can be buffered with a phar- 
maceuticaiiy acceptable buffer and which are pyrogen free. AdditionaOy, the parenteral pharmaceuHcai (bnnuiation 
may contain preservatives such as meta-cresoi or other agents to aclust pH of the final product such as socflum hy- 

10 droxide or hydrochloric add. 

[0245] The insulin analogs of Ihe presentinvention may also be formulated into pharmaceutical compositions suitable 
for i ntra n a sa l ad^ni ni sira ti on. Such oompositions are disdosed In detail In European Patent Application 0200383 A3 
which is incorporated herein tiy rafisrenoe. Briefly, such compositions are tbmriulated with one or more phamraceuticaity 
acceptable diluents, a pharmaceutlcaily acceptable amount of an alicall metal salt, the ammonium salt, or the ft-ee add 

15 of a substantially zinc-free insulin, and optionally, an absorption enhandng amountof at least one at>sorptlon enhancing 
agent seleded from the group consisting of (1) oleic acki or an ester or salt therec^, (2) a I 

ester, (3) a liquid fonn potyoxyethyiene derivative of a sorbitan fetty add esta*, and (4) a liquid form hydroxypolyax- 
y^hylene-poiyoxypropytene-potyaxyethyiene copolymer. 

[0248] Todemonstratelheefllcacyof inlranasaiadminlstrationoflhelnsulnanaiog Lys(B28),F>ro(B29) human kisulin 
20 versus human sodium insulin the following study wes conducted. Male beagle dogs weighing 10 to 12 leg vme main- 
tained in excellent physicai condition prior to and during the course of the study. The dogs were fasted for 16 hours 
but had access to water to ensure against unexpected ftuctuationa in insuin levels. During the entire course of the 
study the dogs were anesthetized with sodium pentobarbitoi and their body temperature maintained with heating pads 
to minimize glucose fluctuation. The insulin test samples Q.e., Lys(B28), Pro(B29) human insulin and human sodium 
20 insulin) were dissolved in distflied water and the pH of the sdutton was adjusted to 7.5 wtlh sodium hydroxide. TTie 
final insulin concentration was 70 units per mi. An insulin dose of 0.8 units per Hg of Lys(B26), Pro(B29) human insulin 
was administered to each of eight dogs and similarty, a dose of 0.6 units per kg of human sodium Insidn was admto- 
iateredtoeachoflburdogs. All doses wars adminlstersd to the nasal cavity fay ddhnrfng one spray per nostril with a 
metersd-dose nebulzer and a modlfled nasal applicator. Blood samples were drawn from the Jugular vein at 30. 15 
30 and 0 minutes before administration and at 10, 20, 30, 45, 60, 90, 120, 160 and 240 minutes after administration for 
the measurement of blood glucose reduction. The results of this study are shown In Ibble iV. 



IWelVB 



30 



4$ 



Time (min) 


Lys(B28),Pro(B29)Humanlrmuiin (% of Initial) 


Human Sodium insuDn (% of Initial) 


-30 


9S.4±2.5 


101 .6 ±2.4 


-15 


98^ ±2.6 


102.4 ±2.9 


0 


100 


100 


10 


95.4 ±2.1 


100.8 ±1.9 


20 


83.5 ±3.3 


96.0 ±2.1 


30 


72J2±4 5 


91.6 ±2.8 


46 


61.6 ±6.9 


89.1 ±2.3 


60 


60.0 ±6.0 


93.6 ±4.5 


90 


71.6 ±4.6 


92.2 ±1.6 


120 


76.1 ±3.7 


91 .3 ±2.6 


180 


91.2±1.8 


93.8 ±1.8 


240 


65.4 ±2.7 


90.7 ±2.8 


• Blood 


Glucose levels: mean ± S.E.M. 





[0247] Utiilzing the protocol described above, a comparison of the blood glucose reduction profile of Ly8(B28), Pro 
(B29) human insulin via Intranasal administration was compared to both intravenous and subcutaneous administration 
of the anatog as follows. For intravenous administration, the insulin solution containing the Lys(B28), Pro(B29) human 
insulin analog was administered by bolus injection (0.1 units per kg) into the saphenous vein of each of four dogs, 
fls Blood samples were drawn at 30, 15 and 0 minutes batons administration and at 5, 10, 15, 20, 30, 45, 60, 90, 120, 180 
and 240 minutes after administration. For subcutaneous administration, the Insulin solution containing the Lys(B28). 
f>ro(B29) human Insulin analog was admlnisterad beneath the epidermis (0.2 units per kg) of the outer side of 1h flanic 
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Gf each of six clogs. Blood samples were <^Bwn at the same protocol as described after nasal adminlstralion as de- 
serted above. The results of this oomperative study are shown In Ibble IV. 



TABLE 



9 



19 



20 



Time (min) 


LV.(% of Initial) 


S.C. (% oflnttiai) 


Nasal (% of initial) 


-30 


96-6 i 6.5 


95.612.1 


95.412.5 


-15 


101.311.5 


98.712.7 


98w2 1 2.8 


0 


100 


100 


100 


5 


99.9 ±2.5 


- 


- 


10 


84.8 ±4.0 


99.214.8 


95.412.1 


16 


68.112.7 






20 


54.5 ±3.3 


91 .9 ±2.4 


83.513.3 


30 


43.3 ±2.8 


81.613.0 


72.2 1 4.5 


46 




56.813.5 


61.616.9 


60 


55.3 ±3.1 


35.313.1 


60.616.0 


90 


77.2 ±6.4 


39.513.4 


71,614.6 


120 


86.214.7 


36.112.6 


76.113.7 


180 


97.116.4 


64.517.0 


91.211.6 


240 


100.019.6 


81.312.4 


85.412.7 


« Blood glucose levels: mean ± S.E.M. 
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JO 1. An insuin analog Gf the (brnHJia 
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I CHAXH B I 

B * Arg " 

B ^ Z^T-I-B B B TVr-Pto-Phe-GIy 
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or a pharmaoeutically acceptable salt thereof, whereki A21 Is alanine, asparaglne, aspartic add, glutamlne, glutanv 
Ic add, glycine, threonine, or serine B1 is phenylalanine, aspartic add, or Is absent; B2 is valine or may be absent 
when B1 Is absent; B3 Is asparaglne or mpartic add; B9 Is serine or aspartic add; 010 Is histfdine or mpartic add; 

35 B27 is threonine or is ak>sent; B28 is any amino add. B29 is L-prdlne, D-pn>llne, D-hydrcxyproline or L-hydroxy- 

proline; B30 is alanine, threonine or la absent; Z Is -OH, -NH2. -OCH|, or -OCH^CH^; X ia Arg, Aig-Aig, Lye, Lya- 
Lys, Arg-Lya, Lys-Arg, or Is absent; and Y may be pcesent only when X is present and, IT present, is Glu or an 
amino add sequence which comprises all or a portion of the sequence -Glu-AJa-<9lu-Asp4.eu-Gln-Vai-Gfy-Gln- 
Val-Glu-Lsu-G^-Gly^Gly-Pro-Gly-Aia-Gly-Ser-Lje^ and 

40 which begins at the N-terminus Qlu of such sequence; provided that when A21 is asparaglne, B1 Is phenyla^ine, 
B2 is valine, 83 is asparaglne, B9 is serine, 810 la histidkie. 827 la threonine, B28 Is lysine, B29 Is L-proilne. BSC 
is threonine, X to absent and Y is absent then Z la 44(^. -OCH3 or ^X^HsCH,; or a pharm^^ 
saH thereof. 

45 2. The Insulin analog as dalined in Clairni, in which X and Y are abeent and Z la OH. 
3b The insulin analog as claimed In Claim 1 or2,whereinB30isthreonina 

4. The insulin analog as dalmed in any one of Claims 1 to 3 wherein B2B Is aspartic add, valine, leudne, isoleudne, 
so norteucine, proline, arginlne, hiatkine^ dtmllne, ornithine, lysine, phenylalanine, alanine or glycine. 

5. The Insulin analog as claimed in any one of Claims 1 to 4 wherein B28 is aspartic add, valine, leudne, Isoleudne, 
norleudne, proline, arginine, histidne, ornithine or lysine. 

S5 s. The Insulin analog aa claimed In arv one of Clalmal to 6 wherein 828 is lysine. 

7. The insulin analog as claimed In any one of Claims 1 to 6 wherein B28 is lysine; B29 la L-prolIna; and 830 la 
threonine. 
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8. The insulin analog as claimed in any one of Claims 1 to 7 wherein A21 Is alanina 

9. The insulin analog as dafrned In any one of Claims 1 to 8 wherein B1 is absent 

5 10. The insulin analog as claimed In any one of Claims 1 to 9 wherein B10 is aspartic add. 

11. The Insulin analog as claimed in any one of Claims 1 to 10 wherein B2 is absent 

12. The Insulin analog as claimed in Claim 11 wherein B10 Is mpartic add. 

10 

13. The insulin analog as claimed in any one of Claims 1 to 12 wherein 830 Is absent. 

14. The insulin analog as clalmad In any one of Claims 1 to 12 wherein B30 is alanine. 

IS 15. A process for preparing a compound of Formula (I) and as defined In any one of Claims 1 to 14, which comprises: 

A) combining the AK^haincf a compound of R)rmula(l) In which A21 IsasdefkiedinClaimlp wlththeB-ch^n 
of a compound of Formula (I) in which 81, 82, 83, 89, 810, 827, 828, 829, 830, X, Y. and Z are as defined 
In Claim 1 to fomi the appropriate dlsulflde bonds; or 

20 

8) reacting a modified compound of Formula (1) laddng the peptide sequence beginning at 823 and In which 
A21.B1,B2p 83, 89 and 810 are as defined in Claim 1 with a peptide having the sequence Gly-Phe-Phe-Typ- 
B27-828-B29«30nX-Y-Z in which 827, 826, 829, 830, X, Y, and Z are as defined in Claim 1; or 

28 C) cleaving a modified proinsuiin molecule oomprising the amino add sequence of a compound of Fonmula 

(1) in which A21 , 81 , 82, 83, 89, 81 0, 827, 828. 829. 830. X, Y, and Z are as defined in Qalm 1 to remove 
all or a portion of the Ci>eptlde from such modifted proinsuiin. 

18. A phammceuticai fommiation oomprising, as an active ingredient, a compound of Fomiula (I) as claimed in any 
90 one of Claims 1 to 14, assodated with one or more pharniaceutlcaay^acceptable caniers therefor. 

17. A compound of Fomwla (I) as claimed in any one of Clalma 1 to 14, for use in the treatment of diabetes mellltus. 



96 Clalma for tiie following Contreeting State : E8 

1. A process for preparing an insulin analog of the formula 
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or a pharmaceutlcaity acceptable salt ttiereof, wherein A21 Is alanine, asparaglne, aspvtic add, glutaminep glutam- 
ic add, glycine, threonine, or serine; B1 is phenylalanine, aspaiHc add, or Is absent; B2 is valine or may be absent 
when B1 is absent; B3 Is asparsglne or aspartic add; B8 Is serine or aspartic add; B1 0 is histldine or aspartic add ; 

9$ B27 is threonine or is absent; B2t is any amino add, B29 is L-proline, D-prollne, D-hydnoxyprdlne or L-hydroxy> 

proline; 830 Is alanine, threonine or la absent; Z Is -OH, -NHj, -OCHg, or -OCH^CHs; X is Arg, Aig^p Lys, Lya- 
Lys, Arg-Lys, Lys-Arg, or is absent; and Y may be present only when X Is present and, If present, is GkJ or an 
amino add sequence which comprises all or a portion of the sequence -Glu-Ala-Glu-Asp-Leu-Gln-Vai-Gly^ln- 
Val-Giu-Leu-Giy-Gly-C^-Pro-Gly-Ala-Gty-Ser-Ljeu-GI^^ and 

40 which begins at the N-tarmlnus Qlu of such sequence, provided that wtwn A21 Is a^iaraglne, 81 is phenylalanine, 
82 is valine, 83 is asparaglne, 89 Is serine, 810 la histldine, 827 la threonine, 828 Is lysine, 829 Is L-proilne, 830 
Is threonine, X Is abeent and Y la absent, thenZ is -NH^ -OCH, or -OCIH2CH3; which comprises 

A) combining the A-chain of a compound of Formula (1) In which A21 is as defkied in deim 1 , with the B-«hain 
49 of a compound of l^ormula (1) In which 81 , 82, 83, 89, 810, 827, 828, 829, 830, X. Y. and Z are as defined 

In Claim 1 to form the approprlata disulfide bonds; or 

B) reacting a motffied compound of Formula (1) laddng the peptide sequence beginning at B23 and in which 
A21, 81,82,83, 89 and 810 are aa defined In Claim 1 with a peptide having the sequence Giy^Phe-Phe-Typ- 

60 827-828-B29-B30-X-Y-Z In which 827. 826, 829, 830, X, Y. and Z are as defined in Claim 1 ; or 

C) cleaving a modified proinsulln molecule comprising the amino add sequence of a compound of Formula 
(I) in which A21 , 81, B2, 83, B9. B10, 827, B28, B29, B30. X, Y. and Z are as defined In Oeim 1 to remove 
all or a portion of the C-peptide ftom such modified proinsulln. 

2. A process as daimed in Claim 1, in which X and Y are absent and Z is OH. 

3. Aprocess as daimed in Claim 1 or 2, whersln 830 is threonine. 
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4. Aproc888a8GlaimedinariyoneofClaim8lto3whereinB28to ,leiicbi8,i80leudn9,narfeudne, 
proline, aighin .hMidin , dtrullne, omHhineJysine, phenylalanine, alenine or glyd 

5. Aprex»S8a8clalrned{n8nyoneGf(^aims1to4wlier8inB28l8a8parto ,i8oleiJCine,norieucjne, 
9 proline, aiginin .histidin , ornithine or tyain . 

e. AprooesaaadalmedlnanyoneofClaimal to 5 wherein B28 is lysine. 

7. A prooesa as claimed in any one of Claims 1 to 6 wherein B28 ia lysine; B29 la L-preline; and B30 is threonine. 

10 

8. Aprooessasdeiinedinanyoneof Claims 1 to 7 wherein A21 isaianine. 

9. A process as daimed in any one of Claims 1 to 6 wherein Bifs absent 

IS 10. A process as daimed in any one of Claims 1 to 9 wherein BIO is aspartic add. 

11. A prooesa as daimed In any one of Claima 1 to 10 wherein B2 la al»ent. 

12. A process as daimed In Claim 11 whefein BIO Is espertic sdd. 

20 

IS. Aprooess as daimed In anyone of Claims 1 to 12 wherein B30 Is absent 
14. A prooesa as daimed In any one of Claims 1 to 13 wherein B30 Is alanine. 

29 

PatsHtafiaprtlctie 



PMeiTlansprOGhefllrlbiaende Vertnasstaaten : AT, BE. OH, DE, DK, FR. OB, IT. U. Lll, NL, BE 

90 

1. Insullnanalogon der Fomiel 
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I KetteA (I) 

Clu* , S S 

U e 7 B 0 ao n 12 u i4 is le i? u lo to 21 
Cla-Cy«-C|^«-llir*Ser-Ile-Cyfc-Ser*lett*TjrrHlla*le^ 

S S 

\ I 
8 S 

\ I 
|9 $7 a 9 10 11 u la 14 IS la 17 la fia 
61a * 6ly.*« 

B « Gltt 
I KetteB f 

B« Arg« 

B * Z*Y>I-B B B -B— T^Phfi-Phe-Gly 

I ao 29 as 27 is as 24 

HHf 

Oder eln pharmazeutlsch annehmbares Salz hlervon, worin A21 fOr Alanin, Asparagln, Asparaglnsaure, Qlutamin, 
GlutaminsaurB, Glydn, Threonin oder Serin eteht, B1 fiOr Phenylalanin oder Aspafagineflure eteht Oder fahit, B2 
fOr Wlin steht oder fshlen kenn, wenn B1 fehft, B3 fOr Asparagin oder Asparaginsdura steht B9 fDr Serin oder 
Asparaginsdure steht, 810 fOr Histidin oder Asparagin^ura ateht. B27 fOr Threonin steht oder fehit, B28 fOr ekie 
belieblga Aminosiure sleht, B29 fOr L-Prolln, D-Proln» D-HydrxBcypfolIn Oder L-Hydrt»cypfdln ateht, B30 flQr Alanin 
Oder TTireonin steht Oder fehit Z fQr -OH, -Nh^, -OCHs Oder OCHfiH^ steht X fQr Arg, Arg-Aig, Lys, Lya-Lys, 
Arg-Lya Oder Lya-Aig steht oder fiahtt und Y nur vorinmmen kann, wann X voricommt ishI faila ea voricommt fOr 
Glu Oder eine Amlnoaflumequenz staM, die alias oder etnen 1^1 der folgenden Sequenz umfal&t -QlunAla-Glu- 
A8p-Leu-Qln-\AiMly^ln-\WOIu-Leu^ 

Leu-C^n-Lya-Arg- und dte am N-Tennlnus Glu einer aolchen Sequenz t>eglnnt, mtt der MafigatMp dafl wsnn A21 
fQr Aspar^n stehi B1 fOr Phenylalanin steht, &2 fOr \^iin steht B3 fOr A^jaragln steht B9 fQr Serin steht B10 
fur Histidin steht, B27 fQr TTireor^n steht B28 fOr Lysln steht, B29 fQr L-Prolin steht B30 fOr Threonin steht X fshlt 
und Y fshlt, Z dann fOr -NH2. -OCH, oder -OCH2CH3 steht oder eln pharmazeutiSGh annehntoes Salz hierwi. 

2. Insminanalogon nach Anspiuch 1 , worin X und Y fehlen und Z fQr OH steht 

3. Insulinanalogon nach Anspiuch 1 0der 2, worin B30 IQr Threonin steht. 

4« Inaullnanalogon nach einem der AnsprOche 1 bia 3, worin B28 fOr Aaparagln8aure» VBlin, Leudn, Isdeucln, Nor- 
leudn, Prolln, Aiglnln. Histidin, CitruOin, Omithin, Lysin, Phenylalanin, Alanin oder Glydn steht. 

5. insulinanalogon nach einem der AnsprOche 1 bis 4, worin B28 fOr Asparaglnsdure, \^ln, Leudn, Isoieucin, Nor- 
leudn. Proiln, Argirtnp Histidin, Omithin oder Lyain ateht. 

8. Insultnanaiogon nach einem der AnsprOche 1 ksia 5, worin B28 fQr Lysin steht. 



7. Insulinanalogon nach einem der Anaprilche 1 bla 6, worin B28 fOr LyaIn ateht B29 fQr L-Prolln ateht und B30 lOr 
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Thneonin steht 

8. Insulinanalogon nach einem der AnsprOche 1 bis 7, worin A21 fur Alanin steht. 
s 9. Insulinanalogon nach einem der AnaprQche 1 bis 8, worin B1 fehlt 

10. Insulinanalogon nach einem der AnsprQche 1 bis 9, worin BIO fOr Asparaginsaure steht 

11. Insulinanalogon nach einem der AnsprQche 1 bia 10, worin B2 fehit 

10 

12. Insulinanalogon nach Anapnjch 11, worin BIOfb-Asparaginsdura steht 

13. insulinanalogon rmch einem der AnsprQche 1 bis 12, worin B30 fehlt. 

15 14. insulinanalogon nach einem der AnsprQche 1 bis 12, worin B30 fOr Alanin steht 

15. Vsrfehren zur Hersteliung einer Verbindung der Formei (i) nach einem der AnsprQche 1 bis 14. gelcenmeichiMt 
dureh: 

20 A) Kcmbination der ArKette einer Verbindung der Fomiei (i), worin A21 wie In Anspruch 1 definiert ist mit der 

B-Ketta eIner Vertsindung der Formei (I), worin B1, B2, B3. B9, B10, B27, B28. B29, B30. X, Y und Z wie In 
Anspnich 1 definiert sind unter Biidung der geeigneten Diautfidbindungen, Oder 

B) Umsetzung einer modifizierten Verbindung der Formal (i), der die Peptidsequenz fehit, die bei B23 beginnt 
25 und worin A21 , B1 , B2, B3, B9 und B10 wie in Anspruch 1 definiert sind, mil einem Peplid der Sequenz Gly- 

Ph8-Phe-lVr«27-B28-B29-B3(>-X-Y-Zp worin B27. 828. B29, 830, X, Y und Z wie in Anspruch 1 definiert aind, 
Oder 

C) Spaltung eines modifizierten ProinsulinmolelcQIs, das die Aminosiuresequenz einer Verbindung der Fdrmel 
30 (i) umfaftt, worvi A21 , B1 , B2. B3, B9. BIO. B27, B28, B29, B30, X, Y und Z wie in Anspruch 1 definiert aind, 

unter Entfemung dea gesamten C-PepUds Oder einea Tbila hiervon aua einem aolchen modflzlerten Proinauln. 

18. PharrnazeutiacheForniulieffung, die alsWIricstofreineVertsindivig der Fomiei 0^ bia 
14 zusammen mH einem oder mehreren pharmazeutisch annehmbaren Trdgem hierflh- enthfilt 

35 

17. Verbindung der Formei (I) nach einem der AnsprOchel bia 14 zur Vsnvendung be! der Behandlung von Diabetes 
melOtua. 
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1. Verfahren zur Hersteliung einea Insulnanaiogons der Formei 
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Oder eines pharmazeutlsGh annehmbaren Salzes hiervon, worin A21 IQr Alanh, Asparagln, Asparaginaflure, Glut- 
amin, Glutaminsdure, Gtydn, TTiraonin oder Serin stoM, B1 fi3r Phenylalanin oder Asparaginsiure steht oder fehK, 
B2 fOr \^iin steht oder fiBhIen kann, wenn B1 feMt B3 fOr Asparsgfri oder Asparagln sdure ateht, 89 fCr Serin oder 
Asparaginsiure steht, B10 fur Histidin oder Aspamginsiura steht, B27 fOr Thraonln steht oder fehlt, B28 fOr eine 
betlebige Aminosdure sleM, B29fur L-Proiin, D-Proln, 0-HydroxyprolIn oder L-Hydns^piQllnatetttp B301iQr Alanin 
Oder Threonm steht oder fehit Z IQr -OH, -NH2, -OCH3 oder -OCHzCHa steht X fQr Arg, Arg-Arg, Lys, Ly»4.y3, 
Arg-Lys oder Lys-Arg steht oder fehtt und Y nur voricommen kann, wenn X voricommt und falls es vorkommt fQr 
Glu Oder eine Aminos&raequenz steht die alles oder einen Tail der fblgenden Sequenz umfal&t -Glu-Ala-Glu- 
Aap4.8U<5ln-Va»-Gly'<3ln-VaK5liJ-LethGV^ 

Leu-Gln-LyapArg- und die am N-Tennlnua QIu einer aolchen Sequenz l)egfrint mit der MaCgabe, daft wenn A21 
fQr Asparagln steht B1 fDr Phenylalanin steht B2 fQr >felln steht B3 fOr Asporagin steht 89 fQr Serin steht BIO 
fQr Histkfln steht, B27 fQr Threonin steht B28 fQr Lysin steht, B29 fQr L-Prolln steht B30 fOr Thraonin steht X fahtt 
und Y fehtt. Z dann fQr -NH2, -OCHs oder -OCH2CH3 steht ootoimeiehnet durch 

A) Kbmbinatlon der A^elte einer Vi&rblndung der Formel (i), worin A21 wie oben ist mit der B-Kette einer 
VMindung der Forme! (I), worin B1 , B2, B3, B9. B10, B27, B28. B29, B30, X, Y und Z wie in Anspruch 1 
definlert sind unter Bildung der geeigneten Disulfidbindungen, oder 

B) Umsetzung einer modifizlerten Vertsindung der Formel (I), der cfie Peptidsequenz fehtt, die bei B23 beglnnt 
und worin A21 , B1 , B2, B3, B9 und B1 0 wIe ot>en deffenlert sind. mit einem Peptid der Sequenz Giy-Phe-Phe- 
TVi^B27-B28-B29^a30O(-Y-Z. worin B27, B28. B29, B30, X, Y und Z wie In Anspruch 1 defkiiert sind, oder 

C) Spattung einea modlflziertan Prolnsullnmoiekflls, daa die Amhosfluresequenz einer Verbindung der Formel 
(I) umfBfit, worin A21. B1, B2. B3, B9, BIO, B27, B26, B29, B30, X, Y und Z wfe oben deflniert sind, unter 
Entfemung des gesamten OPeptlds oder eines Toils hiervon aus einem solchen modifizlerten Prolnsulin. 



2. VerfiahrennaGh Anspruch 1» worin X und Yfehlen und Z fQr OH steht 
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3. >A9rfiBhrBn nach Ansprvch 1 oder 2, worin B30 fQr Threonin steht. 

4. V^rfehrm nach einem der AnsprOche 1 bis 3, worin B28 fQr Asparagins&ira, Valin, Leudn, Isoleucin, Nortoudn, 
Piolnp Arginin, Hisddn, Cilndlin, Omithin, Lysin, Phenylaianin, Alanin oder Glydn steht. 

e 

5. N^rfahron nach elnam der AnsprOche 1 bis 4, worin B28 fQr Asparaginsiure, Valin, Leudn. Isdaucin, Norieudn, 
ProOn, Arglnin, Htetkin, OmHhin oder Lysin steht 

6. VBrf^ren nach einem der AnsprOche 1 bts 5, worin B28fC^ Lysin steht. 

10 

7. V^rlahran nach einem der AnsprOche 1 bis 6. worin B28 fQr Lysin steht B29 fOr L-Prolin steht und B30 fQr Thieonin 
steht 

a. Verfkhren nach einem der AnsprOche 1 bis 7, worin A21 fOr Alanin steht. 

15 

9. Vsrfehren nach einem der AnsprOche 1 bis 8, worin B1 fshit 

10. VsrfBhren nach einem der AnsprOche 1 bis 9, worin BlOfOr Asparaginsiure stehL 
20 11. VBrfahren nach einem der AnsprOche 1 Us 10. worti 82 fehit 

12. VerfBhren nach Anspmch 11 , worin BIO fQr Asparaglnsiure steht 

13. Verfahren nach einem der AnsprOche 1 bis 12, worin 830 fehlt. 

14. >torf!ahren nach emem der AnsprOche 1 bis 13, worin B30 fur Aianin Steht 



Revendicatiofis 
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Ravefufleaflona pour iea Etata eontraelanta sidvanta : AT, BE. CHp DE, DK, FR, GB, iT, U, LUp HU 8E 

1 . Analogue dinsuikie rdpondant d la fbmiuie 
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L' 

I CHAINEA ^ (I) 

01tt< , S S 

U i 7 S • t« n tS M 14 18 1« IT IS t» to tl 

Cla<jrs'Cyt«Tltr'Sec-Ile«C7k-Ser-£ea»Tyr^la-Lat-61tt-Asa'Tyr-Crs-A-<S 

\ r 

s s 

\ i 

\ I 

1$ 6 7 r 9 10 tl U 19 14 18 16 17 18 |i6 

6la * 6ly.^« 

B * Clii 
I CHAINEB i 

B * Z«Y*M B B -B~Tn-Pbe-Phe-Glr 

I aO 89 M 87 M 88 84 ' 

ou un <le 868 88l8 phann8C6iitiqu8fnent aooeplables, dans laquel A21 reprteante I'alanin6. i'aaperagina, I'acide 
aspaiUque, la glutamine, radde glutamlque, la glycinep la ttirtenlne ou la 86f1ne; B1 repr^sente la ph6nylatenlne, 
radde88partkiueoue8tab3ent;B2repr68entelavallrwoupeut^ est absent; B3repr68ente 

rasparagine ou Padde aspertiqua; B9 reprteanto ia serine ou I'adda aspartlque; B10 reprteanta I'histidine ou 
racide aspartique; B27 reprteente la thrdonlne ou est absent ; B28 reprteenlB nlmpoite quel acide amM; B29 
reprdsente la L-proBne, la D-pioOne, la D-hydioxyproline ou la L-hydroxypiollne; B30 repr§8ante Talanine, la threo- 
nine ou est absent; Z reprdsente un groupe -OH, un groupe -NH2, un ^oupe -OCH3 ou un groupe -OCH2CH3; X 
reprdsente Arg , Arg-Arg, Lys, Lys-Lys, Arg-Lys, Lys-Aig ou est ^>sent; ^ Y peut 6tre present uniquement lorsque 
X est prdsent et, sMI est prteent reprdsente Glu ou une sequence d'addes aminds qui oomprand la totalitd ou una 
portion de la s^uenoe -Qlu-Ala-Glu-A8p-Lau-Glrv-\^-Gly-Gtn-\^-Glu4au-Gly-^ 
L6u-Gln4>ro4AU-Ala-ljeu<3!u-Gly'^eM.«u-Gln-Ly»^ et qui commence au rteidu Qlu de tadrAmitft N-tonnl- 
nale de ladtte sequence; k condUon que, jorsque A21 reprdsente raaparaglne, 81 reprdsente la phdnylalanlne, 
B2 reprdsente la valine, B3 reprdsente rasparaglne, B9 reprdsente la sdrine, BIO reprdsente Itiistidlne, B27 re- 
prdsente la thrdonlne, B28 reprdsente la lysine, B29 reprdsente la L-proline, B30 r^)rdsente ia thrdonlne, X est 
absent et Y est absent, Z reprdsente un groups -NH2, un groupe -OCH3 ou un gioupe -OCH2CH3; ou wi de see 
sela phannaceutlquement aoceptables. 

2. Analogue dlnsuline salon la revendlcatton 1 , dans lequel X et Y sont absents et Z reprdsente un groupe OH. 

3. Analogue dinsulkie selon revendlcation 1 ou 2, (tans lequel 830 reprdsente la thrdonlne. 

4. Analogue dinsuline selon rune queloonque des revendkations 1 d 3, dans lequel B26 reprdsente Tadde asparti- 
que, la valine, la leucine, nsoleudne, la norleudne, la proline. Taiglnlna, llilstldlne, la dtrulline, i'orrrithlne, la lysine, 
la phdnylalanine. Falenlne ou la glydna. 

8. Analogue dinsuline salon rune quelconque des revendtoations 1 d 4, dans lequel B28 reprdsente i'edde asparti- 
que, la valine, la leudna, risoleudne, la norleudne, la proline, raiginkie, rhistldina, romlthlna ou la lysine. 



6. Analogue dinsuline selon rune quelconque des revancficaOona 1 d 6, dans lequel B28 reprdaente la lyskia 
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7. Analogue <nn8uHne salon Tuna queloonqua das ravandications 1 d 6, dans laqual B28 rsprteanta la lysine; B29 
reprteente la L-prolina; at B30 raprdaent lathndonina. 

8. Analogue dinsulin salon rune quelconqu das revandicaUons Id?, dans lequel A21 reprdsentB ralanine. 

9 

9. Analogue dinsuline salon Puna queloonqua das revandlGations 1 d 8, dans lequel B1 est atssant. 

10. Analogue dinsuline sekm rune queloonque des revendtaatlons 1^9, dans lequel B10 reprdsente racide aspard- 
que. 

10 

11. Analogue dinsulkie salon rone queloonqua das ravantfcations Id 10, dans lequel 

12. Andk)gue dinsuline selon la revendicatlon 11 , dans lequel BIO repr^sente racide aspartfque. 

15 13. Analogue dlnsulkie selon IXina queloonque das ravendications 1 k 12, dans lequ^ B30 est atisent 

14. Analogue dlnsulkie sekm rune queloonque des revendications 1 d 12, dans lequel B30 reprdsente ralanine. 

15. Ptdo^ pour prdpaiar un oomposd ndpondant 6 la Ibrmule (I) at tel que ddfini dans rune queloonque des reven- 

20 dications 1 1 14, qui oomprand le faitde 

fi^ combiner la ctiaTne A d*un oomposd rdpondant k la fonnule (I) dans lequel A21 est tel que ddfini k la 
reven(fcation 1 , avec la chafna B dijn coinposd rdpondant d la 

B27, B28. B29, B30, X, Y at Zaoni tals que d^nis k la ravendlcatlon 1. pour former las liaisons disulfura 

25 approprides; ou 

B) fate rdaglr ir compose mocifid rdpondant k la fommjle (I) qui rw possdde pas la sequence peptidique qui 
commenoe d B23 at dans lequel A21, B1,B2, B3, BSetBIOsonttelaqueddflnisdIarevandicallon 1,avec 
un peptide possddant la sequence Qly-Phe-Ph&-TVr-B27-B2&B29-B3(>-X-YZ dana laquaBe 627, B28, B29, 
B30, X. Y at Z sont tals que ddllnis 6 la ravendlcation 1 : ou 

90 C) diver une moldoule modiflda da prolnsuilna oompranant la sdquanoe d'addas amines d^in oomposd rd- 

pondant k la tbrmule (I) dana lequel A21, B1, B2, B3, B9, BIO, B27, B28, B29, B30, X Y et Z sont tels que 
ddfinls k la revendlcation 1 dans le but d*6liminer la totaiitd ou une portion du peptide C dljne teOe prolnsulkie 
niodifI6e. 

95 19. R)miulation pliannaceutique oompranant, ft litre dlngrMentacttf.unoon^^ 

rune quelcorique des revendications 1 d H en asaodatfon avac un ou plualeurs supports pharmaceutlquement 
acceprtat)les pour ie corned. 

1 7. Compost r^ndant k la formula (I) salon Puna queloonque des revencflcatlons 1 d 14. d utiliser dans le traitsment 
40 du dlal)Me sucrA. 



Ravendteaflona pour VEM oontradant aulvant : E8 

45 1. Pioo6d6 pour piiftpafarun analogue drinsuliner6pondanld la fiormuto 
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f CHAINEA (I) 

Is 1 7 t 9 to n U U 14 IS i« 17 t« 19 20 21 

\ 1 

3 S 

\ I 

s s 

\ I 

|S 9 7 r 9 10 ii U IS 14 15 18 17 18 |U 

61a * 6ly .*^ 

B * Cltt 

I CHAINEB f 

B * Ars 

I . I 



at 

28 



I 80 18 28 27 U IS 24 ^ 

ffl2 



ou Mn da 8es 88ls pharmacautlquement aocaptables. dans lequel A21 repi^Mnte i'alanine, rasperagine. i'adde 
aspaiUque, la glutamine, radde giutamlque, la glydnep la threonine ou la serine; B1 reprdsente la phdnylalanine, 
racide a^>artlqueou est absent; B2 repr^sente la valine ou peut 6tro abaent lorsque B1 est absent; B3 repr^sente 
Pasparagine ou radde aspaitique; B9 repntoente la adrina ou Tadde aspartlque; B10 reprtoente ITilstidine ou 
racide aspartlque; B27 reprteente la thrtenlne ou est absent ; B28 reprteentB nimporte quel adde amind; B29 
rapnteento la L-proline. la D-pfoHna, la D4iydioxyprolina ou la L-hydioxyproline; B30 reprOsanta Palanina, la thrSo- 
nlne ou est absent; Z nsprdsente un groupe -OH, un groupe -NH2, un ^xxjpe -OCH3 ou in groupa -OCH2CH3; X 
reprdaente Aig, Arg-Arg, Lys, Lys-Lys, Arg-Lys, Lys^ ou est absent; ^ Y peut ^ pr6sent uniquement lorsque 
X est prdsent et, sll est prtoent reprdsente Glu ou une sequence d'addes amines qui oomprand la totalltd ou m 
portion de la sequence -GIUnAla-Glu-Asp-Leu-Gtr>-^-Gly-Gln>WI-Glu4.eu-GV^ 
Lei>-^i>4>ro-LeunAla-tjeu-Olu-Qty-SeM.e^ et qui oom m enoe au rdsldu ^u de rodrdmitd N-termi- 

nale de ladlta sequence; k condttlon que, loreque A21 repr^sente raaparaglne, B1 reprSsante la ph6nylalanlne, 
B2 repndaanta la valina, B3 raprSsente rasparaglna, B9 reprdsanta la sMna, BIO raprtoanta rhistldlna, B27 ra- 
prdsente la thrtonine, B28 reprteente la lysine, B29 reprdsente la L-prolIne, B30 reprdsente la thrtenine, X est 
absent et Y est absent, Z rapfiteenta un gioupa -NH2, un groupa -OCH3 ou un groupa -OCH2CH3; qui oomprand 
le fait da 

A) combiner la chatna A d'un composS rSpondant ii la fomiula (I) dans lequel A21 est tal qua ddflnt ft la 
revencScation 1 , evec la chatna B d^in compost rdpondant d la formula (I) dans laqualle B1, B2, B3, B9, B10, 
B27, B28, B29, B30, X, Y et Z sont tela que dMnIs d la revendlcation 1, pour fbrmer les liaisons dIsulfUre 
approprfdes; ou 

B) fekB rtogir \m\ compost modlflO rdpondant t la fbrmule (I) qui ne possMe pas la sdquenoa peptldlque qui 
commence 8 B23 at dans lequai A21 , B1 , B2, B3, B9 at BIO sont tela que dOflnIs 8 la rsvandicalion 1 , avac 
un papUda possddent la sOquanca Gly4>ha-Pha-Tyr-fi27-B2&B29-B3a-X-Y^ dans laquaOa B27, B28, B29, 
B30, X, Y at Zaont tela que ddlinis 8 la revendlcation 1; ou 

C) diver une moltojie modiflde de pioinsullne comprenant la sequence d*addes amines dijn compos6 rd- 
pondant 8 la formula (I) dans lequel A21 , B1 , B2, B3, B9, B1 0, B27, B28, B29, B30, X, Y ^ Z sont tals que 
d8finis 8 la ravandication 1 dans la but d*8llmlnar la totalltd ou una portion du papSda C d*una talla ppoinsulina 
modlflde. 
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2. Piooddd salon la revandication 1 , dans laqual X at Y sont abaants at Z raprteanta un groupa OH. 

3. Proo6d6 aalon la revandication 1 ou 2, dar» laqual BaOiaprtenta la 

9 4. Proc^ddselonrunequelconqu desrevendk^tions Id 3, dans lequelB28 represents racideaspartiqiJ8,iav^^ 

la leucine, nsoieudna, la norfeudna. la prollna, rarginina, mistldina, la dtnilllne. romHhina, la lysine, la phdnyie- 
lanine, ralanine ou la glycine. 

5. Procdd^ selon rune queloonqiie<les revandications 1 ft 4, dans lequel B28 represents I'Mde aspartlque, la valine, 

10 la leucine, llsoleudne, la norlaudne, la proline, Targinine, IWidine, i'omlthlne ou la lysine. 

6. Piocddd selon I'une queloonque des revandications 1 d 5. dans lequel B2a reprteente la lysine. 

7. Proc6d6 selon rune quelconque das revandications 1 ft 6, dans lequel B28 reprdsente la lysine; B29 reprdsanta 
T5 la L-prollna; et B30 reprftsanta la thrdonlna. 

8. Proc6d6 selon I'une quelconque des revendications 1 ft 7, dans lequel A21 reprteente ralanine. 

9. Pioodde selon I'une quelconque des revendications 1 ft 8. dans lequel B1 est atwent. 

2D 

10. Procftdft aelon funa quelconque des revendications 1 ft 9, dans lequel BIO reprftsenta radde aspartlque. 

11. Procftdft selon I'une queloonque dea revendications 1 ft 10, dans lequel B2 est Btiaer/L 
29 iz Piooftdft selon la ravendlcatfon 11, dana lequel BIO repnftsente radde aspaiUqua 

13. Procedft selon I'une queloonque des nsvendications 1 ft 12, dans lequel B30 eat at)sent. 

14. Piooftdft selon I'une queloonque des revendications 1 ft 13, dans lequel B30 reprftsente I'alanina. 
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FIG. I 

Restriction Site and Function IVlap of 
Plasmid pKC283 
(-9.1 l«b) 



EcoRI 




Sad 
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FIG.2 

Restriction Site and Function Map of 
Plasmid pKC283PX 
(-6.1 icb) 
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FIG.3 

Restriction Site and Function Map of 
Plasmid pKC283-L 
(-5.9 Mo) 
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FI6.4 

Restriction Site and Function IVlap of 
Plasmid pKC283-LB 
(--5.9 Icb) 
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FIG.5 

Restriction Site and Function IVlap of 
Plasmid pKC283PRS 
(-4.0 kb) 




Ndel 
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FIG. 6 

Restriction Site and Function IVlap of 

Plasmid pL32 
(--3-9 kb) 



EcoRI 
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FI6.7 

Restriction Site and Function Map of 
Plasmid pNIVI789 
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FIG. 8 
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FIG.9 

Restriction Site and Function IVlap of 

Plasmid pL47 
(^4.5 l^b) 




Ndel 
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FIG. 10 

Restriction Site and Function Map of 
Plasmid pPR12 
(--5.1 Icb) 



EcoRI 
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FIG.II 

Restriction Site and Function (Map of 
Plasmid PPR12AR1 
(-5.1 ld>) 
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FIG. 12 

Restriction Site and Function iVIap of 

Plasmid pL110 
(-6.6 kh) 
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FI6.I4 

Restriction Site and Function fAap of 
Piasmid pCZR126S 




pCZR126S 
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FIG. 15 

HlBdlll Hdel DrsZII 
5 * ' AGCTTCAtUtGIATTTTGTTAACCAACACCTGTGCGGCTCCCACCTG ' 6TGGAAGCTCT 
A6TA TACAIAAAACAATTGCRGTGGACACGGCGAGGGTGGAC CACCTTCGAGA 

GTACCICGTGTGCGGTGAACGTGGCTTCnCTACACCCCCAAGACCCGCCGTGAGGCA 
CATGGACCACACGCCACrrGCACCGAAGAAGATGTGOGGCTTCXGGGCGGCACTCCGT 
Avail XmI 
GAG ' 6ACCTGCAGGTGGGTCAGGT6GA6CT6GGC6GT66C ' CC6GGT0CAGGCAGCCTGC 
CTC CTGGACGTCCACCCAGTCCACCTCGACCCGCCACC6 GGCCCACGTCCGTCGGACG 



AGCCGCTGGCCCTGGA6GGTTCCCTGCAGAAGCCTGGCATIGTGGAACAATGCTCTAC 
TCGGCGACCGGGACCTCCCAAGGGACGICnCGCACCGTAACACCTTCITACGACATG 

BainHI 

CAGCATCTGGTCCCTGTACCAGCTGGAGAACTACTGCAACTAG ' GATCCG 3 ' 

GTCGTAGACGAGGGACATGGTCGACCTCrTGATGACGTTGATC CTAGGCTTAA| S' 

EcoRI 
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FI6.I6 

Restriction Site and Function Map of 
Plasmld pRB145 



Nhei Sail 




pRB145 



67 



EP0e78822B1 



FIGJ7 

Restriction Site and Function Map of 
Plasmid pRB164A 
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FIG. 18 

Restriction Site and Function Map of 
Plasmid pRB172 
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FIG. 19 

Restriction Site and Function Map of 
Plasmid pRB173 
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FIG. 20 

Restriction Site and Function Map of 
Piasmid pRB175 
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